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Advanced Micro Devices reserves the right to make changes in its products 
without notice in order to improve design or performance characteristics. 


This publication neither states nor implies any warranty of any kind, including but not limited to implied warrants of merchantability or fitness 
for a particular application. AMD® assumes no responsibility for the use of any circuitry other than the circuitry in an AMD product. 


The information in this publication is believed to be accurate in all respects at the time of publication, but is subject to change without notice. 
AMD assumes no responsibility for any errors or omissions, and disclaims responsibility for any consequences resulting from the use of the 
information included herein. Additionally, AMD assumes no responsibility for the functioning of undescribed features or parameters. 


Trademarks 

AMD and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. ; 

Embedded Program, Embedded Erase, ExpressFlash, ExpressROM, Flasherase, and Flashrite are trademarks of Advanced Micro Devices, Inc. 
Froduct names used in this publication are for identification purposes only and may be trademarks of their respective companies. 
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Over the last five years, Flash memory products have revolutionized how designers think about 
storing control code in computers, peripherals, communication devices, and a wealth of other 
applications. In fact, Flash memory is seen as an enabling technology in many new microproces- 
sor-based designs. The features of Flash memory, including non-volatility, in-system re- 


programmability, and high density, have made it the fastest growing IC memory type in the 1990s. 


AMD's Flash memory products are ideally suited for use in a wide array of microprocessor-based 
products. 


The first generation of Flash memory devices required 12.0 Volts to program and erase and 5.0 
Volts to read. Today, however, system designers are asking for single-voltage Flash memory 
products. Other Flash memory features being requested by system designers include: fast read 
access time, the ability to erase portions of the memory array, simplified program and erase algo- 
rithms, high endurance and reliability. The Am29Fxxx Flash family is addressing these requests 
from system designers today. 


AMD is the leader in providing cost effective 5.0 Volt-only Flash memory devices with its 
Am29Fxxx Flash family. These devices meet the JEDEC (Joint Electron Devices Engineering 
Council) pin-out and software standards for single voltage supply Flash. AMD achieves 5.0 Volt- 
only operation in its Am29Fxxx family Flash devices using patented Negative Gate Erase technol- 
ogy. AMD has seen overwhelming acceptance of the Am29Fxxx Flash architecture from design- 
ers representing many applications. 


AMD offers Flash memory cards that meet the PCMCIA and JEIDA standards. This data book 
contains condensed data sheets of AMD's Flash memory card offerings. 


AMD is the world leader in non-volatile memory devices. The market's acceptance of our Flash 
components and memory cards has strengthened our position as a major Flash memory supplier. 





Walid Maghribi 
Vice President and General Manager 
Non-Volatile Memroy Division 
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5.0 Volt-only Flash, Embedded Algorithms, Sector Erase, 100K Cycle Endurance 


Part Access Temp Package Supply Programming 
Number Organization |Time(ns)| Range’ Type? Voltage Voltage 































Am29F010-45 128K x 8 D,L, P, J, E, F SVt 5% 
Am29F010-55 128K x8 D,L,.P,.d,-6,.F 5V+10% 
Am29F010-70 128K x8 D, L, P, J, E, F 5V+10% 
Am29F010-90 128K x8 D, L, P, J, E, F 5V+10% 
Am29F010-120 128K x8 D, LP, J, 6, F 5V+10% 




















5SV+ 5% 
5 V+ 10% 
5V+10% 
SVt 5% 


Am29F100-75* | 128K x 8, 64K x 16 
Am29F100-90* | 128K x 8, 64K x 16 
Am29F100-120*| 128K x 8, 64K x 16 
Am29F100-150*| 128K x 8, 64K x 16 


































SV+t 5% 
5 V+ 10% 
5V+10% 
5V+t 5% 


Am29F200-75* 
Am29F200-90* 
Am29F200-120* 
Am29F200-150* 


256K x 8, 128K x 16 
256K x 8, 128K x 16 
256K x 8, 128K x 16 
256K x 8, 128K x 16 
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Am29F040-75 512K x8 D,:L, P,.d, £; F 5SV+t 5% 
Am29F040-90 512K x8 DL. Pid E ir 5V+10% 
Am29F040-120 512K x8 D, L, P, J, E, F 5V+10% 
Am29F040-150 512K x8 D, L, P, J, E, F 5V+ 10% 























5V+ 5% 
5V+10% 
5V+10% 
5V+10% 


Am29F400-75* 
Am29F400-90* 

Am29F400-120* 
Am29F400-150* 


512K x 8, 256K x 16 
512K x 8, 256K x 16 
512K x 8, 256K x 16 
512K x 8, 256K x 16 
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Am29F016-90* 2M x8 EF 5V+ 10% 
Am29F016-120* 2M x8 E, F 5 V+ 10% 
Am29F016-150* 2Mx8 SAR 5V+10% 








Notes: 


1. Temperature Range 
C = Commercial (0°C to 70°C) 
| = Industrial (-40°C to +85°C) 
E = Extended Commercial (—55°C to +125°C) 
M= Military (-55°C to +125°C) most products available in both APL and DESC versions. 


2. Package Type 
DIP (Dual In-Line Packages) 
D = Ceramic DIP 
P = Plastic DIP 
SMT (Surface Mount Technology) 
L_ = Rectangular Ceramic Leadless Chip Carrier 
J = Rectangular Plastic Leaded Chip Carrier 
E = Thin Small Outline Package — standard pin-out 
F = Thin Small Outline Package — reverse pin-out 
S = Small Outline Package 


*Contact the local AMD sales office for availability of this device. 
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PCMCIA 


Flash Memory 
Cards 





12.0 Volt 5.0 Volt-only 


mCOO1AFLKA AmCOO2AFLKA AmCOO4AFLKA AmCOO1BFLKA AmCO02BFLKA AmCOO4BFLKA AmCO10CFLKA 
AmCOO1CFLKA AmCO02CFLKA 


2.0 Volt Flash Memory Cards 


































Minimum | Automated 
Part Density Access Package Type Write Write/Erase Read Write 
Number (Mbytes) | Time (ns) (PCMCIA) Cycles Operations | Voltage | Voltage 


















AmCOO1AFLKA 
AmCOO2AFLKA 
AmCOO4AFLKA 


68-Pin, Type 1 
68-Pin, Type 1 
68-Pin, Type 1 


100,000 
100,000 
100,000 


5V+5% 
5V+5% 
5V+5% 


12 V+5% 
12V+5% 
12V+5% 












.0 Volt-only Flash Memory Cards 


Minimum | Automated 
Part Density Access Package Type Write Write/Erase Read Write 


Number - | (Mbytes) | Time (ns) (PCMCIA) Cycles Operations | Voltage | Voltage 
\mC001BFLKA 68-Pin, Type 1 100,000 5V+5% | 5V4+5% 
\mCO02BFLKA 68-Pin, Type 1 100,000 5Vt5% | 5V+5% 
AmCO01CFLKA 68-Pin, Type 1 100,000 5V+5% | 5V4+5% 
\mCO02CFLKA 68-Pin, Type 1 100,000 5V+5% 1 5Vt5% 
\mCOO4CFLKA 68-Pin, Type 1 100,000 5V+5% | 5V+5% 





\mC010CFLKA 68-Pin, Type 1 100,000 5V+t5% | 5V+5% 


Introduction to AMD’s 
ExpressFlash™ Service 


INTRODUCTION 


AMD’s ExpressFlash service is a helpful new way to 
offer the system manufacturer flexibility and lower cost 
in the manufacturing process. No matter how Flash 
memory is used in your system, AMD’s ExpressFlash 
service will benefit your manufacturing process. Flash 
devices procured via the ExpressFlash program are 
rigorously tested with your code under both AC and DC 
operating conditions at worse case temperature prior to 
shipment. Because Flash products ordered through the 
ExpressFlash service are shipped board-ready with 
factory guaranteed quality, your ship-to-stock or 
Just-In-Time programs can be easily implemented. 


AMD’s ExpressFlash service offers the same pre-pro- 
gramming convenience as AMD’s ExpressROM™ 
Memories with the added advantage of in-system 
reprogrammability. Whether your entire code is finalized 
by the time you place your order or not, AMD's 
ExpressFlash service will work for you. After AMD’s 
Flash devices are delivered and installed in your 
system—you have the added flexibility to reprogram the 
devices in-system at any time. 


AMD’s ExpressFlash service is ideally suited for a 
variety of applications. For example, with AMD’s 
ExpressFlash service, a PC manufacturer's boot code 
can be programmed in a portion of the AMD Flash 
device while the rest of the device remains blank. Upon 
delivery the Flash devices can be directly installed in 
your systems. After the remainder of the code is 
finalized, it can then be loaded in-system. At this point, 
even the original boot code can be altered should a 
“bug” be discovered or a change be required. This 
process reduces manufacturing cycle time, overhead, 
and improves both time-to-market and system 
availability. 


For systems requiring fully protected blocks of code, 
AMD’s Am29F family is ideal. With AMD’s ExpressFlash 
service, your code can be protected from further 
alteration right at AMD’s factory. In the system, the 
protected portion of code looks just like a ROM. Please 
refer to AMD’s Am29F family of data sheets for further 
details. | 
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Since Flash devices are fully tested in the plastic 
packages, all speed grades offered for standard Flash 
devices are available through the ExpressFlash 
program as well. 


ExpressFlash Service Lowers Cost 


The ExpressFlash service eliminates or reduces costs 
in several areas. These include programming, testing, 
marking and labeling. Standard programming of blank 
devices may reveal other hidden expenses such as 
costs associated with possible programming yield 
losses, capacity constraints, labels and other supplies, 
rework, inventory and associated queue time, handling, 
maintenance, labor and personnel, transit costs, 
inspections, floor space and other overhead. AMD's 
ExpressFlash service adds value by eliminating or 
reducing all these costs. 


Our mission at AMD is to provide services and products 
which enable you to build the cost-competitive systems 
you need to win in your markets. The ExpressFlash 
service is yet another value-added program offered by 
AMD to help you accomplish your goals. As the world’s 
#1 supplier of ERROMs and Flash, AMD appreciates 
the value of cost-efficient manufacturing. Compressing 
time-to-market cycles, improving yields and providing 
the highest levels of quality are invaluable strategies for 
today’s system manufacturer. At AMD we are proud to 
offer another tool to give our customers this strategic 
advantage. 


ExpressFlash Flow | 


AMD’s ExpressFlash service takes Flash devices from 
inventory in our off-shore testing facility and continues 
the processing as shown in Figure 1. This process is 
offered for all package types and speed grades. Please 
refer to AMD’s Flash data sheets for valid combinations. 
For die orders, please contact your local AMD sales 
representative. 


x Publication# 17125 Rev.B Amendment/0 
Issue Date: March 1994 


Mark according to 
customer requirement 
(if desired) 


Program per 
customer requirement 


100% electrical test 
at temperature 


Excelsior sample test 
Electrical test @ 
hot, room, cold 


Shipping labels per 
customer requirement 
(if desired) 
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Figure 1. ExpressFlash Flow 


Ordering Flash Devices Using the 
ExpressFlash Service 


The following procedure outlines the method for 
ordering a Flash device using the ExpressFlash service. 
For more information, please contact your local AMD 
sales representative. — 


1) Fill out the ExpressFlash Code Approval Form 
An example of the ExpressFlash Code Approval Formis 
shown in Figure 2. Please have your field sales 
representative provide you with the latest version of 
the ExpressFlash Code Approval Form. This formwill 
provide all the necessary information required for 
processing your order. After receiving this form, fill out 
the Code Transmittal and Ordering Information 
sections. Do not fill out the Approval Section Terms and 
Conditions. For sector erase flash devices that require 
sector protection, a sector map will be provided with the 
ExpressFlash Code Approval Form. On the sector map, 
indicate which sectors need to be protected. A detailed 
description of how to fill out the sector map will be 
provided with the form. 


2) Send in the Code 

Send in the form with two (2) master copies of each code 
being ordered to your field sales representative. To 
minimize the verification turnaround process, supply 


AMD cl 


two master copies of each code using standard Flash 
devices identical in architecture and density as the 
Flash device being ordered. Two master copies per 
code are required in order to guarantee proper code 
transmission. Please be sure the checksum is clearly 
identified on each master Flash device. 


3) AMD Checks the Code and Generates a 
Verification Flash Device 

We check that both Flash devices contain the same 
code to make certain there was not a mix-up in shipping 
your codes to the factory as well as ensuring that the 
integrity of your code has been preserved. After 
confirming this, a unique 5-digit code designation is 
assigned. The AMD part number is formed by adding 
the 5-digit code designation as a suffix to the Flash 
device number. See below: 


Am29F010-45JC  XXXXX 


Device Code 
Number Designation 
17125B-2 


AMD then !ogs in your code with the 5-digit code 
designation and generates a verification Flash device. 
The verification Flash device along with one of your 
master Flash devices and the ExpressFlash Code 
Approval Form should be back in your hand for final 
approval within 2-3 days. The other master Flash 
device remains at AMD for our records. Please note: the 
verification Flash device is simply a means of 
transferring the code and is not necessarily indicative of 
the Flash device being ordered. 


4) Confirm the Copy and Place the Order 

Once the verification Flash device is approved, sign the 
Approval Section of the ExpressFlash Code Approval 
Form and return it to AMD with your purchase order. 
Upon receipt of the signed form and a purchase order, 
AMD enters the order and begins production. Logged 
codes are maintained for 60 days and then deleted if 
there is no purchase order placed. 


5) Customer Special Shipping Labels (optional) 
AMD can provide labels onthe shipping boxes that 
indicate that the boxes contain ExpressFlash devices. 
To designate that you want special shipping labels, 
please provide specific instructions with your Ex- 
pressFlash purchase order. 
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TERMS AND CONDITIONS 
You should be aware of the following when ordering 
Flash devices using the ExpressFlash service. 


1. 


AMD will maintain customer code confidentiality. 


2. AMD will absorb all initial set-up costs. 


3. All orders are subject to minimum quantities. The 


minimum quantity for initial orders is 5,000 pieces. 


. AMD may begin production 14 days in advance of 


the AMD scheduled ship date covered by apurchase 
order and requires 14 days minimum notification 
from the AMD scheduled ship date for code 
changes. The customer is liable for all work-in-proc- 
ess covered by the same purchase order. 


. No schedule changes may be made within 14 days 


of AMD scheduled ship date. 


. All unpackaged die product procured by the cus- 


tomer is for use exclusively in the customer’s end 
products. Any other use of die product must be ap- 
proved in writing by AMD. 


. Code changes with Work-In-Process will require ad- 


ditional charges and may affect delivery schedules. 


. All other terms and conditions which normally apply 


to AMD's Flash devices (if any) also apply using 
AMD's ExpressFlash service. 
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ExpressFlash™ Code Approval Form at 


CODE TRANSMITTAL AND ORDERING INFORMATION SECTION Rev. 1 5/12/92 


Please complete items 1 thru 9. To minimize the verfication turn-around process, supply 2 master copies of each 
code using Flash Devices of the same architecture and density as the Flash Device being ordered. Also, be sure 
the checksum is clearly identified on each master Flash Device. 


CODE TRANSMITTAL SECTION 
1. Company Name: 2. Date: 

























3. Incoming Master's Part #: 4. Master's Checksum: 


ORDERING INFORMATION SECTION 


Please check the appropriate Flash Device data sheet for valid combinations and mark appropriate boxes below; 
Vec is +/-10% unless otherwise noted with an * for +/-5%. 


5. 















Part #: Am 








CQ) Sector information rotected? O ‘Yes O No 


C) Other 
















Package and Temperature: Q Plastic DIP (0°C to +70°C) 
Q PLCC In VYAK-40°C to +85°C) 
Q) TSOP Standard 
() TSOP Reverse 
Q 









C) Other 


AMD Standard Part Number: 













9. Please indicate the exact marking a hobp et@ the blank sections (10 characters per line including spaces, 
© = 2 spaces if required). AMD Logo 





Date Code 






APPROVAL SECTION TERMS AND CONDITIONS 
(This section to be completed after samples are returned for customer verification) 


AMD will maintain customer code confidentially. AMD will absorb all initial set-up costs. 

AMD may begin production 14 days in advanced of the AMD scheduled ship date covered by a purchase order and requires 14 days minimum 
notification from the AMD scheduled ship date for code changes. 

The customer is liable for all work-in-process covered by the same purchase order. 

No schedule changes may be made within 14 days of AMD scheduled ship date. 

All unpackaged die product procured by the customer is for use exclusively in the customer's end products. 

Any other use of die product must be approved in writing by AMD. 


All orders are subject to minimum quantities. 
Code changes with Work In Process will require additional charges and may affect delivery schedules. 


AMD Standard Part #: Am Checksum: 


Customer Signature: Date: 
Name (Print): Title: 





Contact your local AMD sales office for approval form. 


Figure 2 17125B-3 





Introduction to AMD’s ExpressFlash Service xill 


| PRELIMINARY | es at 


Flash Memories in Die Form 


DISTINCTIVE CHARACTERISTICS 
m@ Testing of AC and DC parameters 
m@ Operating temperature ranges: 

— Commercial 0°C to 70°C 

— Industrial —40°C to +85°C 

— Military -55°C to +125°C 


Advanced 
Micro 
Devices 


Hm Advanced CMOS Flash memory technology 
H High typical yield —98% after assembly 
M@ Full data sheet compatibility 


™@ Die visual inspection per MIL-STD-883, 
Method 2010 Condition B 





GENERAL DESCRIPTION 


AMD offers it’s family of flash products in die form for 
hybrid or multichip module applications requiring supe- 
rior performance and in-system reprogrammability in 
addition to small die size. Each die is AC and DC tested 
at wafer sort to guarantee full device functionality over 
commercial through military temperature ranges. 
AMD's Flash technology reliably stores memory con- 
tents even after 100,000 erase and program cycles. 


Features such as “5.0 Volt-only” program and erase, 
Sector erase architecture and Embedded Program™ 
and Embedded Erase™ algorithms are also available. 
Specific product information is available in the product 
data sheets. 


Please refer to the notes below for die handling 
considerations. 
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Die Ordering 
Part Number 





Am28FO10A-XC/6 | 1M (128K x 8) 


Am29F010-XC/4 


Am29F200-XC/1** 
Am29F040-XC/1 


Am29F400-XC/1** 
Notes: 





mene [ar [Ser | ct | Ris [Ris 
Organization Time Cycles Erase Voltage Algorithms .| Reference 
Am28F256A-XC/3 
: 
[iw r2aKx8) | sons | 100000 | sveton | Yes 


4 
4M (512K x 16) 100,000 





Am28F512A 
Am28F010A 
Am29F010 


12V+5% 


Am29F200 


S 
S 
S 
S 
S 
S 
S 
Ss 





§ V+ 10% 


Am29F400 





1. NVD only guarantees die, which is processed by the customers, at temperatures less than 250° C. If the die is hermetically 


sealed, NVD will not be liable for die failure. 


2. Exposure of Flash die to ultraviolet light may effect device functionality. 


**Contact sales office for availability. 





product without notice. 


Xiv This document contains information on a product under development at Advanced Micro Devices, Inc. The information 
is intended to help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed 
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PRELIMINARY 


ORDERING INFORMATION 


AMD Flash Memories are available in several operating ranges. The order number (Valid Combination) is formed by a 


combination of: 


AM29F010 -X C 


/4 
tL DIE I.D. 


TEMPERATURE RANGE 
C = Commercial 


| = Industrial 
E = Extended 
PACKAGE TYPE 


X = Waffle Packed Die 


DEVICE NUMBER/DESCRIPTION 


Note: Exposure of Flash die to ultraviolet light may effect device functionality. 





DIE SIZE AND BONDING PAD LOCATIONS 
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Am28F256A-XC/3 
256K (32K x 8) Flash Memory 
100K endurance cycles 
Embedded Algorithms 
Die Size: 0.160 x 0.156 inches 
Technology: 0.85 um 
Reference: Am28F256A data sheet 












ONOoOoOod 


31 29 28 27 26 
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Am28F512A-XC/2 
512K (64K x 8) Flash Memory 
100K endurance cycles 
Embedded Algorithms 
Die Size: 0.160 x 0.156 inches 
Technology: 0.85 um 
Reference: Am28F512A data sheet 
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DIE SIZE AND BONDING PAD LOCATIONS 
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Am28F010A-XC/5 
1 Megabit (128K x 8) Flash Memory 
100K endurance cycles 
Embedded Algorithms 
Die Size: 0.187 x 0.252 inches 
Technology: 1 um 
Reference: Am28F010A data sheet 
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Am29F010-XC/4 
1 Megabit (128K x 8) Flash Memory 
5 Volt-only program & erase 
100K endurance cycles 
Embedded Algorithms 
Die Size: 0.174 x 0.189 inches 
Technology: 0.85 um (non-SAS) 
Reference: Am29F010 data sheet 


40 

230 

16 17 18192021 22 
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Am28F010A-XC/6 
1 Megabit (128K x 8) Flash Memory 
100K endurance cycles 
Embedded Algorithms 
Die Size: 0.160 x 0.217 inches 
Technology: 0.85 um 
Reference: Am28F010A data sheet 
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DIE SIZE AND BONDING PAD LOCATIONS 


OOOO Oo 
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Am28F020A-XC/2 Am28F020A-XC/3 
1 Megabit (256K x 8) Flash Memory 2 Megabit (256K x 8) Flash Memory 
100K endurance cycles 100K endurance cycles 
Embedded Algorithms Embedded Algorithms 
Die Size: 0.213 x 0.374 inches Die Size: 0.190 x 0.318 inches 
Technology: 1 um Technology: 0.85 um 
Reference: Am28F020A data sheet Reference: Am28F020A data sheet 


Note: 
1.0 4m products will not be in production after 1994. 
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DIE SIZE AND BONDING PAD LOCATIONS 
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Am29F040-XC/1 
4 Megabit (512K x 8) Flash Memory 
100K endurance cycles 
Embedded Algorithms 
Die Size: 0.262 x 0.297 inches 
Technology: 0.85 pm 
Reference: Am29F040 data sheet 
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O0000000000 gqo0000go00000 
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Am29F200-XC/1 Am29F400-XC/1 
2 Megabit (262,144 x 8-Bit/131,072 x 16-Bit) 4 Megabit (524,288 x 8-Bit/262,144 x 16-Bit) 
100K endurance cycles 100K endurance cycles 
Embedded Algorithms Embedded Algorithms 
Die Size: 0.266 x 0.203 inches Die Size: 0.266 x 0.312 inches 
Technology: 0.85 um - Technology: 0.85 um 
Reference: Am29F200 data sheet Reference: Am29F400 data sheet 
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TERMS AND CONDITIONS OF SALE FOR 
AMD NON-VOLATILE MEMORY DIE 


All transactions relating to AMD Products under this 
agreement shall be subject to AMD's standard terms 
and conditions of sale, or any revisions thereof, which 
revisions AMD reserves the right to make at any time 
and from time to time. In the event of conflict between 
the provisions of AMD’s standard terms and conditions 
of sale and this agreement, the terms of this agreement 
shall be controlling. 


AMD warrants articles of it’s manufacture against defec- 
tive materials or workmanship for a period of ninety (90) 
days from date of shipment. This warranty does not ex- 
tend beyond AMD's customer.and does not extend to 
die which has been affixed onto a board or substrate of 
any kind. The liability of AMD under this warranty is lim- 
ited, at AMD’s option, solely to repair or to replacement 
with equivalent articles, or to make an appropriate credit 
adjustment not to exceed the original sales price, for ar- 
ticles returned to AMD, provided that: (a) The Buyer 
promptly notifies AMD in writing of each and every de- 
fect or nonconformity in any article for which Buyer 
wishes to make a warranty claim against AMD; (b) Buy- 
~ er obtains authorization from AMD to return the article; 
(c) the article is returned to AMD, transportation charges 
paid by AMD, F.O.B. AMD's factory; and (d) AMD's ex- 
amination of such article discloses to its satisfaction that 
such alleged defect or nonconformity actually exists and 
was not caused by negligence, misuse, improper instal- 
lation, accident or unauthorized repair or alteration by 
an entity other than AMD. The aforementioned provi- 
sions do not extend the original warranty period of any 
article which has either been repaired or replaced by 
AMD. THIS WARRANTY IS EXPRESSED IN LIEU OF 
ALL OTHER WARRANTIES, EXPRESSED OR IM- 
PLIED, INCLUDING THE IMPLIED WARRANTY OF 
FITNESS FOR A PARTICULAR PURPOSE, THE 


AMD t 


IMPLIED WARRANTY OF MERCHANTABILITY AND 
OF ALL OTHER OBLIGATIONS OR LIABILITIES ON 
AMD’'S PART, AND IT NEITHER ASSUMES NOR 
AUTHORIZES ANY OTHER PERSON TO ASSUME 
FOR AMD ANY OTHER LIABILITIES. THE FOREGO- 
ING CONSTITUTES THE BUYERS SOLE AND EX- 
CLUSIVE REMEDY FOR THE FURNISHING OF 
DEFECTIVE OR NON CONFORMING ARTICLES 
AND AMD SHALL NOT IN ANY EVENT BE LIABLE 
FOR DAMAGES BY REASON OF FAILURE OF ANY 
PRODUCT TO FUNCTION PROPERLY OR FOR ANY 
SPECIAL, INDIRECT, CONSEQUENTIAL, INCIDEN- 
TAL OR EXEMPLARY DAMAGES, INCLUDING BUT 
NOT LIMITED TO, LOSS OF PROFITS, LOSS OF USE 
OR COST OF LABOR BY REASON OF THE FACT 
THAT SUCH ARTICLES SHALL HAVE BEEN DEFEC- 
TIVE OR NON CONFORMING. Buyer agrees that it will 
make no warranty representations to its customers 
which exceed those given by AMD to Buyer unless and 
unti! Buyer shall agree to indemnify AMD in writing for 
any claims which exceed AMD’s warranty. Buyer ac- 
knowledges that electrical testing of die is limited to A.C. 
and D.C. testing at 25 degrees C unless otherwise 
specified. As such, data sheet limits for packaged and 
tested devices do not apply to die sales and are not 
guaranteed by AMD unless otherwise specified. Buyer 
also assumes all responsibility for successful die prep, 
die attach and wire bonding processes. Due to the un- 
protected nature of the AMD Products which are the 
subject hereof, AMD assumes no responsibility for envi- 
ronmental effects on die. 


AMD products are not designed or authorized for use as 
components in life support appliances, devices or sys- 
tems where malfunction of a product can reasonably be 
expected to result in a personal injury. Buyer's use of 
AMD products for use in life support applications is at 
Buyers own risk and Buyer agrees to fully indemnify 
AMD for any damages resulting in such use or sale. 
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5.0 Volt-only, Sector Erase Flash Memories 
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Am29F010 


1 Megabit (131,072 x 8-Bit) CMOS 5.0 Volt-only, 


Sector Erase Flash Memory 


DISTINCTIVE CHARACTERISTICS 


@ 5.0V + 10% read, write, and erase 
~—— Minimizes system level power consumption 
@ Compatible with JEDEC-standard commands 
— Uses same software commands as E7PROMs 
m@ Compatible with JEDEC-standard byte-wide 
pinouts 
— 32-pin PLCC/LCC 
— 32-pin TSOP 
— 32-pin DIP 
@ Minimum 100,000 write/erase cycles 
@ High performance 
— 45 ns maximum access time 
@ Sector erase architecture 
— 8 equal size sectors of 16K bytes each 
— Any combination of sectors can be. 
concurrently erased. Also supports full 
chip erase 


Advanced 
Micro 
Devices 


m@ Embedded Erase™ Algorithms 
— Automatically pre-programs and erases 
the chip or any sector 
@ Embedded Program™ Algorithms 
— Automatically programs and verifies data 
at specified address 
l@ Data Polling and Toggle Bit feature for 
detection of program or erase cycle 
completion 
Low power consumption 
— 20 mAtypical active read current 
— 30 mA typical program/erase current 
— 251A typical standby current 
G Low Vcc write inhibit < 3.2 V 
HB Sector Protection 
— Hardware method disables any combination 
of sectors from program or erase operations 





GENERAL DESCRIPTION 


The Am29F010 is a 1Mbit, 5.0 V-only Flash memory or- 
ganized as 128K bytes of 8 bits each. The Am29F 010 is 
offered in a 32-pin package which allows for upgrades to 
4 Mbit densities in the same pin out. This device is 
designed to be programmed or erased in-system with 
the standard system 5.0 V Vcc supply. 12.0 V Vpp is not 
required for program or erase operations. The device 
can also be reprogrammed in standard EPROM 
programmers. 


The Am29F010 offers access times between 45 ns and 
120 ns, allowing operation of high-speed micro- 
processors without wait states. To eliminate bus conten- 
tion the device has separate chip enable (CE), write 
enable (WE) and output enable (OE) controls. 


The Am29F010 is entirely pin and command set com- 
patible with JEDEC standard 1 Mbit E7PROMs. Com- 
mands are written to the command register using 
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Family Part No 


Ordering PartNo: Vec=5.0V+5% 


Read eee 


Publication# 16736 Rev.E Amendment /d 
Issue Date: March 1993 


ed ee 
[Wax Access Timers) 

ey ee 
POE Gaccessins) —SS«dSSCs fd Cts SiS 


Standard microprocessor write timings. Register con- 
tents serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 
cycles also internally latch addresses and data needed 
for the programming and erase operations. Reading 
data out of the device is similar to reading from 12.0 V 
Flash or EPROM devices. 


The Am29F010 is programmed by executing the pro- 
gram command sequence. This will invoke the Embed- 
ded Program algorithm which is an internal algorithm 
that automatically times the program pulse widths and 
verifies proper cell margin. Typically, each sector canbe 
programmed and verified in less than 0.3 seconds. 
Erase is accomplished by executing the erase 
command sequence. This will invoke the Embedded 
Erase algorithm which is an internal algorithm that 
automatically preprograms the array if it is not already 


Am29F010 











ct AMD 


programmed before executing the erase operation. 
During erase, the device automatically times the erase 
pulse widths and verifies proper cell margin. The entire 
_ memory is typically erased and verified in three seconds 
(including pre-programming). 


Any individual sector is typically erased and verified in 
1.3 seconds (including pre-programming). 

This device also features a sector erase architecture. 
The sector mode allows for 16K byte blocks of memory 
to be erased and reprogrammed without affecting other 
blocks. The Am29F010 is erased when shipped from 
the factory. 


The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vcc detector automatically 
inhibits write operations during power transitions. The 
end of program or erase is detected by Data Polling of 


DQ7 or by the Toggle Bit feature on DQ6. Once the pro- 


gram or erase cycle has been completed, the device 
internally resets to the read mode. 


AMD's Flash technology combines years of EPROM 
and E7PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
Am29F010 memory electrically erases the entire chip or 
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Embedded 
Algorithms 
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all bits within a sector simultaneously via Fowler- 
Nordhiem tunneling. The bytes are programmed one 
byte at a time using the EPROM programming mecha- 
nism of hot electron injection. 


Flexible Sector-Erase Architecture 
@ 16K bytes per sector 


@ Individual-sector, multiple-sector, or 
bulk-erase Capability 


@ Individual or multiple-sector protection is 
user definable 


1FFFFh 
1BFFFh 
17FFFh 
13FFFh 


OFFFFh 
OBFFFh 


O7FFFh 
O3FFFh 


00000h 
16736E-2 










16K Bytes Per Sector 


{| DQ0-DQ7 
Input/Output 
mi if 
Chip Enable 


Data 
Output Enable Latch 


= 


Y-Gating 


anOrTAQAD 


Bit 


Cell Matrix 


7 1,048,576 
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CONNECTION DIAGRAMS 
CERDIP/PDIP PLCC/LCC 
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29F010 Standard Pinout 


29F010 Reverse Pinout 16736E-6 
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Table 1. Am29F010 Pin Configuration 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


AM29F010 -45 J C B 
[ oe OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


TEMPERATURE RANGE 

C = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 
E = Extended (-55°C to +125°C) 


PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded Chip 


Carrier (PL 032) 

32-Pin Thin Small Outline Package 

(TSOP) Standard Pinout (TS 032) 

F = 32-Pin Thin Small Outline Package 
(TSOP) Reverse Pinout (TSR 032) 


m 
il 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am29F010 

1 Megabit (128K x 8-Bit) CMOS Flash Memory 
5.0 V Program and Erase 

16K Byte Sectors 











Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 


Valid Combinations 
AM29F010-45 JC, EC, FC 


AM29F010-55 PC, Pl, JC, Jl, 
EC, El, FC, Fl 


AM29F010-70 PC, Pl, JC, 











AM29F010-90 We ee 
AM29F010-120] pEB JE JEB, 
EC, El, FC, Fl, EE, 


EEB, FE, FEB 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
feet List) pect are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination) is formed by 
a combination of: 


AM29F010 -70 /B X A 


Lo LEAD FINISH 


A = Hot Solder Dip 






PACKAGE TYPE 

X = 32-Pin Ceramic DIP (CD 032) 

U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLR 032) 


DEVICE CLASS 
/B= Class B 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 

Am29F010 

1 Megabit (128K x 8-Bit) CMOS Flash Memory 
5.0 V Program and Erase 

16K Byte Sectors 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Valid Combinations 


AM29F010-70 
AM29F010-90 
AM29F010-120 











/BXA, /BUA 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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Table 2. Am29F010 User Bus Operations 


Operation 


Auto-Select Manufacturer Code (1 


Auto-Select Device Code (1) 





L= Vit, H = Vin, X = Don't Care. See DC Characteristics for voltage levels 


Notes: 


1. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Tables 3 and 4. 


2. Refer to Table 4 for valid Din during a write operation. 
3. Refer to the section on Sector Protection 


Read Mode 


The Am29F010 has two control functions which must be 
satisfied in order to obtain data at the outputs. CE is the 
power control and should be used for device selection. 
OE is the output control and should be used to gate data 
to the output pins if a device is selected. 


Address access time (tacc) is equal to the delay from 
stable addresses to valid output data. The chip enable 
access time (tce) is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable for at least tacc—toe time). 


Standby Mode 


The Am29F010 has two standby modes, a CMOS 
standby mode (CE input held at Vcc + 0.5 V), when the 
current consumed is less than 100 WA; and a TTL 
standby mode (CE is held at Vin) when the current 
required is reduced to approximately 1 mA. In the 
Standby mode the outputs are in a high impedance 
State, independent of the OE input. 


If the device is deselected during erasure or program- 
ming, the device will draw active current until the opera- 
tion is completed. 


Output Disable 


With the OE input at a logic high level (Vin), output from 
the device is disabled. This will cause the output pins to 
be in a high impedance state. | 


Autoselect 


The autoselect mode allows the reading out of a binary 
code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
programming algorithm. This mode is functional over 
the entire temperature range of the device. 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 12.5 V) onaddress pin A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All ad- 
dresses are don't cares except AO and A1. 


The manufacturer and device codes may also be read 
via the command register, for instances when the 
Am29F010 is erased or programmed in a system with- 
out access to high voltage on the A9 pin. The command 
sequence is illustrated in Table 4 (refer to Autoselect 
Command section). 


Byte 0 (AO = Vit) represents the manufacture’s code 
(AMD=01H) and byte 1 (AO = Vin) the device identifier 
code (Am29F010=20H). These two bytes are given in 
the table below. All identifiers for manufactures and de- 
vice will exhibit odd parity with the MSB (DQ7) defined 
as the parity bit. Inorderto read the proper device codes 
when executing the autoselect, A1. must be Vit (see 
Table 3). 
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“Outputs 01H at protected sector addresses. Outputs OOH at unprotected sector addresses. 


Write 


Device erasure and programming are accomplished via 
the command register. The contents of the register 
serve as inputs to the internal state machine. The state 
machine outputs dictate the function of the device. 


The command register itself does not occupy any ad- 
dressable memory location. The register is a latch used 
to store the commands, along with the address anddata 
information needed to execute the command. The com- 
mand register is written by bringing WE to Vit, while CE 
is at Vi and OE is at Vin. Addresses are latched on the 
falling edge of WE, while data is latched on the rising 
edge of the WE pulse. Standard microprocessor write 
timings are used. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Sector Protection 


The Am29F010 features hardware sector protection. 
This feature will disable both program and erase opera- 
tions in any number of sectors (0 through 7). The sector 
protect feature is enabled using programming equip- 
ment at the user's site. The device is shipped with all 
sectors unprotected. Alternatively, AMD may program 
and protect sectors in the factory prior to shipping the 
device (see AMD’s ExpressFlash Service section in the 
data book). 


To activate this mode, the programming equipment 
must force Vio on address pin AQ and control pin OE. 
The sector addresses (A16, A15, and A14) should be 
set to the sector to be protected. Table 4 defines the sec- 
tor addresses for each of the eight (8) individual sectors. 
Programming of the protection circuitry begins on the 
falling edge of the WE pulse and is terminated with the 
rising edge of the same. Sector addresses must be held 
constant during the WE pulse. 


To verify programming of the protection circuitry, the 
programming equipment must force Vip on address pin 
AQ with CE and OE at Vit and WE at Vin. Reading the 
device at a particular sector address (A16, A15 and 





Table 4. Sector Addresses Table 


’ Addr Range 

00000h-03FFFh 
1 04000h-07FFFh 

08000h-OBFFFh 
1 = 


OC000h-OFFFFh 
10000h-13FFFh 
14000h-17FFFh 


18000h-1BFFFh 


1 1C000h-1FFFFh 


A14) will produce 01H at data outputs (DQ0-—DQ7) fora 
protected sector. Otherwise the device will read OOH for 
unprotected sector. In this mode, the lower order 
addresses, except for AO and A1, are don't care. 
Address location 02H is reserved to verify sector protec- 
tion of the device. Address pin A1 must be held at Vin 
and AO at Vit (please refer to Table 3). Address location 
OOH and 01H are reserved for autoselect codes. If aver- 
ify of the sector protection circuitry were done at these 
addresses, the device would output the manufacturer 
and device codes respectively. 


It is also possible to determine if a sector is protected in 
the system by writing the autoselect command. Per- 
forming a read operation at particular sector addresses 
(A16, A15, A14) and with A1 = Vin and AO = Vir (other 
addresses are a don't care) will produce 01H data if 
those sectors are protected. (Please refer to Table 3). 
Otherwise the device will read OOH for an unprotected 
sector. Please refer to the section on Sector Protection 
Algorithms for more details. 


Command Definitions 


Device operations are selected by writing specific 
address and data sequences into the command 
register. Table 5 defines these register command 
sequences. | 
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Table 5. Am29F010 Command Definitions 






Command 
Sequence 


Read/Reset 








Chip Erase 


Notes: 





Bus operations are defined in Table 2. 
RA = Adoress of the memory location to be read. 


A Who 


Write Cycle | Write Cycle | Write Cycle Cycle 
(eager? | ata: Adda [Data | agar | Pata) Bade | Data. || eade Bate | Adar (| Data 
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bee 


[ss5sn | AAn|eAAAR | son [essen [eon | coson | AAH [2aann|oan| sa [oon 





Fourth Bus 
Read/Write 


Fifth Bus Sixth Bus 
Write Cycle | Write Cycle 







Adaress bit A15 = X = Don't Care. Write Sequences may be initiated with A15 in either state. 
Address bit A16 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA). 


PA = Address of the memory location to be programmed. Addresses are latched on the falling edge of the WE pulse. 
SA = Address of the sector to be erased. The combination of A16, A15, A14 will uniquely select any sector. 


5. RD = Data read from location RA during read operation. 


PD = Data to be programmed at location PA. Data is latched on the falling edge of WE. 


Read/Reset Command 


The read or reset operation is initiated by writing the 
read/reset command sequence into the command reg- 
ister. Microprocessor read cycles retrieve array data 
fromthe memory. The device remains enabled for reads 
until the command register contents are altered. 


The device will automatically power-up in the read/reset 
state. In this case, acommand sequence is not required 
to read data. Standard microprocessor read cycles will 
retrieve array data. This default value ensures that no 
spurious alteration of the memory content occurs during 
the power transition. Refer to the AC Read Characteris- 
tics and Waveforms for the specific timing parameters. 


Autoselect Command 


Flash memories are intended for use in applications 
where the local CPU alters memory contents. As such, 
manufacture and device codes must be accessible 
while the device resides in the target system. PROM 
programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto the address lines is not generally desired 
system design practice. 


The device contains an autoselect operation to supple- 
ment traditional PROM programming methodology. 
The operation is initiated by writing the autoselect com- 
mand sequence into the command register. Following 
the command write, a read cycle from address XXXOH 
retrieves the manufacturer code of 01H. A read cycle 
from address XXX1H returns the device code 20H (see 
Table 3). A read cycle from address XXX2H returns in- 
formation as to which sectors are protected. All manu- 
facturer and device codes will exhibit odd parity with the 
MSB (DQ7) defined as the parity bit. 


To terminate the operation, it is necessary to write the 
read/reset command sequence into the register. 


Byte Programming 


The device is programmed on a byte-by-byte basis. 
Programming is a four bus cycle operation. There are 
two “unlock” write cycles. These are followed by the 
program set-up command and data write cycles. 
Addresses are latched on the falling edge of CE or WE, 
whichever happens later and the data is latched on the 
rising edge of CE or WE, whichever happens first. The 
rising edge of CE or WE (whichever happens first) 
begins programming. Upon executing the Embedded 
Program Algorithm command sequence the system is 
not required to provide further controls or timings. The 
device will automatically provide internally generated 
program pulses and verify the programmed cell margin. 


The automatic programming operation is completed 
when the data on DQ7 is equivalent to data written to 
this bit (see Write Operation Status section) at which 
time the device returns to the read mode and addresses 
are no longer latched. Therefore, the device requires 
that a valid address to the device be supplied by the sys- 
tem at this particular time. Hence, Data Polling must be 
performed at the memory location which is being 
programmed. 


Programming is allowed in any sequence and across 
sector boundaries. Beware that a data “O” cannot be 
programmed back to a “1”. Attempting to do so will hang 
up the device, or result in an apparent success accord- 
ing to the data polling algorithm. However, a read from 
reset/read mode will show that the data is still “O”. Only 
erase operations can convert “O”s to “1”s. 


Figure 1 illustrates the Embedded Programming 
Algorithm using typical command strings and bus 
operations. 
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Chip Erase 


Chip erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the chip erase command. 


Chip erase does not require the user to program the 
device prior to erase. Upon executing the Embedded 
Erase™ Algorithm command sequence the device auto- 
matically will program and verify the entire memory for 
an allzero data pattern prior to electrical erase. The sys- 
tem is not required to provide any controls or timings 
during these operations. 


The automatic erase begins on the rising edge of the last 
WE pulse in the command sequence and terminates 
when the data on DQ7 is “1” (See Write Operation Status 
section) at which time the device returns to read the 
mode. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Sector Erase 


Sector erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the sector erase command. The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(data) is latched on the rising edge of WE. A time-out of 
80 ps from the rising edge of the last sector erase com- 
mand will initiate the sector erase command(s). 


Multiple sectors may be erased concurrently by writing 
the six bus cycle operations as described above. This 


Write Operation Status 


sequence is followed with writes of the Sector Erase 
command (30H) to addresses in other sectors desiredto 
be concurrently erased. The time between writes must 
be less than 80 ps, otherwise that command will not be 
accepted. It is recommended that processor interrupts 
be disabled during this time to guarantee this condition. 
The interrupts can be re-enabled after the last Sector 
Erase command is written. A time-out of 80 ps from the 
rising edge of the last WE will initiate the execution of the 
Sector Erase command(s). If another falling edge of the 
WE occurs within the 80 ps time-out window, the timer is 
reset. (Monitor DQ3 to determine if the sector erase 
timer window is stil open, see section DQ3, Sector 
Erase Timer.) Any command other than Sector Erase 
during this period will reset the device to read mode, ig- 
noring the previous command string. Loading the sector 
erase buffer may be done in any sequence and with any 
number of sectors (0 to 7). 


Sector erase does not require the user to program the 
device prior to erase. The device automatically pro- 
grams all memory locations in the sector(s) to be erased 
prior to electrical erase. When erasing a sector or sec- 
tors the remaining unselected sectors are not affected. 
The system is not required to provide any controls or 
timings during these operations. 


The automatic sector erase begins after the 100 jis time 
out from the rising edge of the WE pulse for the last sec- 
tor erase command pulse and terminates when the data 
on DQ7 is “1” (see Write Operation Status section) at 
which time the device returns to read mode. Data Polling 
must be performed at an address within any of the sec- 
tors being erased. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Table 6. Hardware Sequence Flags 






Note: DQ4 for AMD internal use only. 


| Status i | 8 | 8 | bas | 
In Progress Auto-Programming Toggle Oe 20" Reserved for 
Program/Erase in Auto Erase as Toggle LOE ad eee 
Exceeded Auto-Programming Toggle peade i, 301 
Time Limits Program/Erase in Auto-Erase | Oo Toggle a a 






DQ2-DQ0 


Reserved for 
future use 
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DQ7 
Data Polling 


The Am29F010 features Data Polling as a method to in- 
dicate to the host system that the Embedded Algorithms 
are in progress or completed. 


During the Embedded Programming Algorithm, an at- 
tempt to read the device will produce complement data 
of the data last written to DQ7. Upon completion of the 
Embedded Programming Algorithm an attempt to read 
the device will produce the true data last written to DQ7. 
Data Polling is valid after the rising edge of the fourth 
WE pulse in the four write pulse sequence. 


During the Embedded Erase Algorithm, DQ7 will be “0” 
until the erase operation is completed. Upon completion 
data at DQ7 is “1”. For chip erase, the Data Polling is 
valid after the rising edge of the sixth WE pulse in the six 
write pulse sequence. For sector erase, the Data Polling 
is valid after the last rising edge of the sector erase 
WE pulse. 


The Data Polling feature is only active during the Em- 
bedded Programming Algorithm, Embedded Erase 
Algorithm, or sector erase time-out (See Table 6). 


See Figure 11 for the Data Polling timing specifications 
and diagrams. 


DQ6 
Toggle Bit 


The Am29F010 also features the “Toggle Bit” as a 
method to indicate to the host system that the Embea- 
ded Algorithms are in progress or completed. 


During an Embedded Program or Erase Algorithm cy- 
cle, successive attempts to read (OE toggling) data from 
the device will result in DQ6 toggling between one and 
zero. Once the Embedded Program or Erase Algorithm 
cycle is completed, DQ6 will stop toggling and valid data 
willbe read on the next successive attempt. During pro- 
gramming, the Toggle Bit is valid after the rising edge of 
the fourth WE pulse in the four write pulse sequence. 
For chip erase, the Toggle Bit is valid after the rising 
edge of the sixth WE pulse in the six write pulse se- 
quence. For Sector erase, the Toggle Bit is valid after 
the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 


It should be noted that either CE or OE toggling will 
cause DQ6 to toggle. See Figure 12 for the Toggle Bit 
timing specifications and diagrams. 


DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits (internal pulse count). Under 
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these conditions DQ5 will produce a “1”. This is a failure 
condition which indicates that the program or erase Cy- 
cle was not successfully completed. Data Polling is the 
only operating function of the device under this condi- 
tion. The CE circuit will partially power down the device 
under these conditions (to approximately 2 mA). The OE 
and WE pins will contro! the output disable functions as 
described in Table 2. 


If this failure condition occurs during the sector erase 
operation, it specifies that a particular sector is bad and 
it may not be reused. However, other sectors are still 
functional and may be used for additional program or 
erase operations. The device must be reset to use other 
sectors. Write the Reset command sequence to the de- 
vice, and then execute the program or erase command 
sequence. 


If this failure condition occurs during the chip erase op- 
eration, it specifies that the entire chip is bad or combi- 
nation of sectors are bad. 


If this failure condition occurs during the byte 
programming operation, it specifies that the entire 
sector containing that byte is bad and this sector may 
not be reused (other sectors are still functional and 
can be reused). The device must be reset to use 
other sectors. 


The DQ5 failure condition may also appear if auser tries 
to program a non blank location without erasing. In this 
case the system never reads valid data on the DQ7 bit 
and DQ6 never stops toggling. Once the device has ex- 
ceeded timing limits, the DQ5 bit will indicate a “1.” 
Please note that this is not a device failure condition 
since the device was incorrectly used. The device must 
be reset to continue using the device. 


DQ3 


Sector Erase Timer 


After the completion of the initial sector erase command 
sequence the sector erase time-out will begin. DQ3 will 
remain low until the time-out is complete. Data Polling 
and Toggle Bit are valid after the initial sector erase 
command sequence is completed. 


lf Data Polling or the Toggle Bit indicates that the device 
has been written with a valid erase command, DQ3 may 
be used to determine if the sector erase timer window is 
still open. If DQ3 is high (“1”) the internally controlled 
erase cycle has begun; attempts to write subsequent 
commands to the device will be ignored until the erase 
operation is completed as indicated by Data Polling or 
Toggle Bit. If DQ3 is low (“0”), the device will accept ad- 
ditional sector erase commands. To insure the com- 
mand has been accepted, the software should check 
the status of DQ3 prior to and following each 
subsequent sector erase command. If DQ3 were high 
onthe second status check, the command may not have 
been accepted. 
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PARALLEL DEVICE ERASURE 


Since the device is completely self-timed, devices can 
be erased or programmed in parallel without con- 
sideration of other devices in the system. 


_ Data Protection 


The Am29F010 is designed to offer protection against 
accidental erasure or programming caused by spurious 
system level signals that may exist during power transi- 
tions. During power up the device automatically resets 
the internal state machine in the Read mode. Also, with 
its control register architecture, alteration of the memory 
contents only occurs after successful completion of spe- 
cific multi-bus cycle command sequences. 


The device also incorporates several features de- 
scribed below to prevent inadvertent write cycles result- 
ing from Vcc power-up and power-down transitions or 
system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command 
register is disabled and all internal program/erase 
circuits are disabled. Under this condition the device will 
reset to the read mode. Subsequent writes will be 


ignored until the Vcc level is greater than Viko. It is the 
users responsibility to ensure that the control pins are 
logically correct to prevent unintentional writes when 
Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 5 ns (typical) on 
WE will not initiate a write cycle. 


OE, CE, or 


Logical Inhibit 

Writing is inhibited by holding any one of OE = Vi, CE = 
Vin, or WE = Vin. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi_ and OE =Vin 
will not accept commands onthe rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 


Sector Protect 


Sectors of the Am29F010 may be hardware protected at 
the users factory. The protection circuitry will disable 
both program and erase functions for the protected sec- 
tor(s). Requests to program or erase a protected sector 
will be ignored by the device. 
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EMBEDDED ALGORITHMS 






Write Program Command Sequence 
(see below) 


Data Poll Device 










Yes 
increment Address Last Address 
? 
Yes 





Programming Completed 
Program Command Sequence (Address/Commana): 


5555H/AAH 










2AAAH/S5H 


Program Address/Program Data 
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Figure 1. Embedded Programming Algorithm 





Table 7. Embedded Programming Algorithm 


Standby ea eres 


Write Embedded Programming Algorithm Valid Address/Data Sequence 
Read rrr Data Polling to Verify Programming 
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EMBEDDED ALGORITHMS 






Write Erase Command Sequence 
(see below) 
Data Polling or Toggle Bit 
Successfully Completed 


Yes 







Erasure Completed 


Chip Erase Command Sequence Individual Sector/Multiple Sector 
(Address/Commangq): Erase Command Sequence 
(Address/Command): 


5555H/AAH 









2AAAH/55H 






5555H/80H 





5555H/AAH 






2AAAH/55H 






Sector Address/30H 





Sector Address/30H Addionalsaeter 
erase commands 
are optional 

Sector Address/30H 

16736E-9 


Figure 2. Embedded Erase Algorithm 





Table 8. Embedded Erase Algorithm 


Bus Operations Command Sequence Comments 


Standby 


Write Embedded Erase Algorithm 
Read Re Data Polling to Verify Erasure 
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VA = Byte address for programming 






iDeO_DO = Any of the sector addresses within the 
Addr=VA sector being erased during sector erase 







operation 
= XXXXH during chip erase 


Read Byte 
(DQ0-DQ7) 
Addr=VA 
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Note: 
1. DQ7 is rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DQS. 





Figure 3. Data Polling Algorithm 
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VA = Byte address for programming 










eoo-pon = any of the sector addresses within the 
Addr=VA sector being erased during sector erase 
operation 
= XXXXH during chip erase 





DQ6=Toggle 
? 










Read Byte 
(DQ0-DQ7) 
Addr=VA 
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1. DQ6 is rechecked even if DQ5 = “1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Note: 


Figure 4. Toggle Bit Algorithm 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 


Ceramic Packages ............. —65°C to +150°C 
Plastic Packages ............... —65°C to +125°C 
Ambient Temperature . 

with Power Applied ............ —55°C to + 125°C 
Voltage with Respect To Ground 

All pins except AQ (Note 1) ....... -2.0Vto+7.0V 
VOECUNQIG) ccastavacadeet se hGs -2.0Vto+7.0V 
AQ (Note 2) .................. —2.0 V to +14.0 V 
Output Short Circuit Current (Note 3) ...... 200 mA 
Notes: 


1. Minimum DC voltage on input or I/O pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 Vfor 
periods of up to 20 ns. Maximum DC voltage on input and 
VO pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20 ns. 


2. Minimum DC input voltage on A9 pin is —0.5 V. During volt- 


age transitions, A9 may overshoot Vss to -2.0 V for peri- 
ods of up to 20 ns. Maximum DC input voltage on AQ is 
+13.5 V which may overshoot to 14.0 V for periods up to 
20 ns. 


3. No more than one output shorted at atime. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 
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OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
industrial (l) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vecfor Am29F010-45.......... +4.75 V to +5.25 V 
Vcc for Am29F010-55, 70, 

O09 20 ce ie Os Bea eee +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 





20 ns 


+0.8 V 


—0.5V 


—2.0V 


20 ns 


20 ns 16736E-12 


Figure 5. Maximum Negative Overshoot Waveform 


Voce +2.0V 


Voc +0.5V 
2.0V 


20 ns 


20 ns 


20 ns 16736E-13 


Figure 6. Maximum Positive Overshoot Waveform 
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DC CHARACTERISTICS—TTL/NMOS COMPATIBLE 


Parameter 
Symbol — Parameter Description Test Conditions 


lu Input Load Current Vin = Vss to Vcc, + 1.0 pA 
Vcc = Voc Max 
AQ Input Load Current Vcc = Vcc Max, A9 = 12.5 V 


ILO Output Leakage Current VouT = Vss to Vcc, +1.0 pA 
Vcc = Vcc Max 











Icc1 Vcc Active Current for Read CE = Vit, OE = VIH 30 mA 
(Note 1) | 
Icc2 Vcc Active Current for CE = Vit, OE = Vi 


Program or Erase (Notes 2, 3) 


Vcc Standby Current Vcc = Vcc Max, CE = VIH 


Input Low Level 


Input High Level 2.0 Vcc V 
+ 0.5 


il 
VoL Output Low Voltage loL= 12mA 0.45 V 
Vcc = Vcc Min 
VOH Output High Level loH=—-2.5 mA | 2.4 V 
Vcc = Vcc Min 
ve a 






1. Thelec current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). The 
frequency component typically is less than 2 mA/MHz, with OE at Vin. 


2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter | 
Symbol Parameter Description Test Conditions 
Input Load Current Voc = Vcc Max, 
VIN = Vss to Vcc 
pou AQ Input Load Current Vcc = Vcc Max, A9 = 12.5 V 


Output Leakage Current Vcc = Vcc Max, 
VouT = Vss to Vcc 









Icc1 Vcc Active Current for Read CE = Vit, OE = VIH 
(Note 1) 

loc2 Vcc Active Current for CE = Vit, OE = Vin 
Program or Erase (Notes 2, 3) 


m 
m 


EERE 


: 


Vec Standby Current Vcc = Vcc Max, CE = Vcc + 0.5 V 


-0.5 


Input High Level 0.7 Vcc Vcc 
+0.5 


lu 

lu 

ILO 
AQ Voltage for Autoselect Veo = 5.0 V 11.5 
| 

OH2 


V 

V 

v L145 

| a 
Vec = Vcc Min 

V 

V 


SHtput how voltage loH = —2.5 mA, Vcc = Vcc Min Eo 
as 


ca 
ae 
| 0.8 


.O 

0 

0 
Input Low Level 


A 

A 
V 
V 





| VoH2 Output High Voltage loH = -100 LA, Vcc = Vcc Min 
Low VecLockout Voltage SSSOSOSC—S~—SSC 


Notes: 


1. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). The 
frequency component typically is less than 2 mA/MHz, with OE at Vin. 








2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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AC CHARACTERISTICS—READ ONLY OPERATIONS CHARACTERISTICS 


Parameter 
Symbols 
-45 -55 -70 
EDEC| Standard Description (1) (2) (2) 
tavav | tacc | Address to Output Delay | CE = ViL 45 55 70 120 
(max) OE = ViL 
terav | tce | Chip Enable to Output Ors | 
(max) 


tEHOQZ tDF Chip Enable to Output 
(max) | High Z (Notes 3, 4) 
tGHaz tDF Output Enable to Output 
High Z (Notes 3, 4) 


tAXQX tOH Output Hold Time From 
Addresses, CE or OE, 
Whichever Occurs First 

















Notes: 

1. Test Conditions: 2. Test Conditions: ' 3. Output driver disable time. 
Output Load: 1 TTL gate and 30 pF Output Load: 1 TTL gate and 100 pF 4. Not 100% tested. 
Input rise and fall times: 5 ns Input rise and fall times: 20 ns 
Input pulse levels: 0.0 V to 3.0 V Input pulse levels: 0.45 V to 2.4 V 
Timing measurement reference level Timing measurement reference level 

Input: 1.5 V Input: 0.8 and 2.0 V 
Output: 1.5 V Output: 0.8 and 2.0 V 
5.0 V 
IN3064 
or Equivalent 2.7 kQ 
| Diodes = IN3064 
coal or Equivalent 
Note: 


For -45: Ct = 30 pF including jig capacitance 


For all others: Ct = 100 pF including jig capacitance a 16736E-14 


Figure 7. Test Conditions 
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AC CHARACTERISTICS—WRITE/ERASE/PROGRAM OPERATIONS 


Parameter Symbol 
JEDEC Description 


Write Cycle Time (Note 4 












Tome [us [Adiose soup ting —dainl 0 | 0 
Tana | ow [adisstowtine dn] oe | | 
od ae oo a oe os 
1 eens os eu ee 
tors | Output Enable Setup Time Min 0 | o | 0 | o 


-_., foutpu Enave| ead Note fain] 0 [0 | 0 [0 _| 
be we 
Read Recover Time Before Write 


GE Setup Time gee a a 






aa’ de Medes a a ek 
mite nn aa ee ty 
ain oe, ata le ee 
pies rekon Naonerey ee aN 7S TS AS EO EE 
neem minded ax [aa Tae [ae [ee 
[ [ves |vcesu vprinetses) ——‘(oo] so» | wo | 


ee 
| TL twer Write Pulse Width (Note 2) Ft0 | | 40 | 10 | 4 


Lo in dee 
| | tose _[eesetptimero We Active Wotes 3.4) |winf «| 4 | oa 


Notes: 
1. This also includes the preprogramming time. 











i¢2) 


camer: 
| to | 10 | 
rarer 





2. These timings are for Sector Protect/Unprotect operations. 
3. This timing is only for Sector Unprotect. 
4. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 


INPUTS 


Must Be 
Steady 


May 
Change 
from Hto L 


May 


Change 
from Lto H 


Don't Care, 
Any Change 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from Lto H 


Changing, 
State 


Permitted Unknown 


Does Not Center 

Apply Line is High- 
Impedance 
“Off” State 


KS0000 10 








SWITCHING WAVEFORMS 


Addresses 





WE 
(tcE) 
(tOH) 
High Z | High Z 
Outputs {ECK(( Output Valid »))) 
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Figure 8. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


Data Polling 


wom Yb ss Ho _KXXXKX_ XO 
twc ins tAH tRC 


tWPH 
es tDF 
- toe 
ot (fou) —{ ro )——{ bar. - 


t 
Notes: GE 


1. PA is address of the memory location to be programmed. 
PD is data to be programmed at byte address. 
DQ7 is the output of the complement of the data written to the device. 
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Dout is the output of the data written to the device. 


oO A WN 


Figure indicates last two bus cycles of four bus cycle sequence. 


Figure 9. Program Operation Timings | 


tAH 


=| 
ieiaeles es zaaan \ssson YX sscsn YX 2AAAN 
* 


tbs AAH 55H 80H AAH 55H 10H/30H 


Vec y tvcs : | 16736E-17 


Note: 
1. SA is the sector address for Sector Erase. Addresses = don’t care for Chip Erase. 


Figure 10. AC Waveforms Chip/Sector Erase Operations 


Data 
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SWITCHING WAVEFORMS 


«e 3 
— {DF 
OE 


tOH 
= : iV \ High Z 
DQ7 Kd” ea 
TWHWH 1 or 2 


= a» Ea) 


tOE 


*DQ7=Valid Data (The device has completed the Embedded operation). 16736E-18 


Figure 11. AC Waveforms for Data Polling During Embedded Algorithm Operations 





oa 
tOEH | 
: ror 
one DO6= DQ0-Da7 
tOH tOE 
16736E-19 


Note: 
*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 12. AC Waveforms for Toggle Bit During Embedded Algorithm Operations 
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SECTOR PROTECTION ALGORITHMS 


Sector Protection 


The Am29F010 features hardware sector protection 
which will disable both program and erase operations to 
an individual sector or any group of sectors. To activate 
this mode, the programming equipment must force Vip 
on control pin OE and address pin A9. The sector ad- 
dresses should be set using higher address lines A16, 
A15, and A14. The protection mechanism begins onthe 
falling edge of the WE pulse and is terminated with the 
rising edge of the same. 


It is also possible to verify if a sector is protected during 
the sector protection operation. This is done by setting 
CE and OE at Vi. and WE at Vin (AQ remains high at Vip). 
Reading the device at address location XXX2H, where 
the higher order addresses (A16, A15, and A14) define 
a particular sector, will produce 01H at data outputs 
(DQ0-DQ7) for a protected sector. 


AMD ct 


Sector Unprotect 


The Am29F010 also features a sector unprotect mode, 
so that a protected sector may be unprotected to incor- 
porate any changes in the code. All sectors should be 
protected prior to unprotecting any sector. 


To activate this mode, the programming equipment 
must force Vin on control pins OE, CE, and address pin 
AQ. The address pins A6, A7, and A12 should be set to 
A7 = A12 = Vin, and A6 = ViL. The unprotection mecha- 
nism begins on the falling edge of the WE pulse and is 
terminated with the rising edge of the same. 


It is also possible to determine if a sector is unprotected 
in the system by writing the autoselect command. Per- 
forming a read operation at address location XXX2H, 
where the higher order addresses (A16, A15, and A14) 
define a particular sector address, will produce OOH at 
data outputs (DQ0-—DQ7) for an unprotected sector. 
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Set Up Sector Addr 
(A16, A15, A14) 

















PLSCNT = 14 


OE = Vio 
AQ = Vip, CE = Vi 


Activate WE Pulse 
Time Out 100 ps 


Power Down OE 
WE = VIH 
CE = OE = VIL 
AQ should remain Vip 






lncrement 
PLSCNT 





Read from Sector 
Addr = SA, AO = 0, Al = 1 


Yes 


Device 
Failed 








Protect 
Another 
Sector? 


No 
Remove Vip From A9 
Write Reset Command 
Sector Protection 
Complete 


16736E-20 


Figure 13. Sector Protection Algorithm 


1-28 | 5.0 Volt-only, Sector Erase Flash Memories 


AMD al 
SWITCHING WAVEFORMS 


A16, 
A14 





12V ------------- are 
5V ---- — 
OE > 
tVLHT 
m a 
toesP 
CE 
. (on) 


toE 
SAx = Sector Address for initial sector 
SAy = Sector Address for next sector 
16736E-22 


Figure 14. AC Waveforms for Sector Protection 
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Set Up Sector 
Unprotect Mode 


Al2 = A7 = Vin, A6 = VIL 


Set Vec = 5.0 V 


Set 
OE = CE =A9 = Vip 


Activate WE Pulse 
Time Out 10 ms 
Set OE = CE= VIL 
Remove Vip from AQ | 


Set Vcc = 4.25 V 























increment 
PLSCNT 


Write Autoselect 
Command Sequence 


Set Up Sector Addr SAO 
— SetA1=1,A0=0 





Read Data 
from Device 


No 


Write Reset PLSCNT 
Command = 1000 
Device 
Failed 


increment 
Sector Addr 





Sector 
Addr = SA7 
? 


Set Vec = 5.0 V 


Write Reset 
Command 





Sector Unprotect 
Completed 
Notes: 16736E-21 
SAO = Sector Address for initial sector 


SA7 = Sector Address for last sector 
Please refer to Table 4 for details. 
Figure 15. Sector Unprotect Algorithm 





1-30 5.0 Volt-only, Sector Erase Flash Memories 


AMD cl 
SWITCHING WAVEFORMS 


A16, 
A14 


12V--------------- 
Sess 
a TTL 
tVLHT 
A6 ———__________— 
A7 
Al2 
le Nae ee eras “a 
ae ae 
OE oe 
tVLHT 
we oN 
tcsP 
12 VAG aCe ae sida 
om Snes oe gl 
CE es 
tVLHT tVLHT 





Data 4 


Execute Auto Select 
Command Sequence 


16736E-23 


Figure 16. AC Waveforms for Sector Unprotect 
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AC CHARACTERISTICS—WRITE/ERASE/PROGRAM OPERATIONS 
Alternate CE Controlled Writes 


Sacfedeme || | as 
tAVAV two |Write Cycle Time (Note2) Write Cycle Time (Note 2) Write Cycle Time (Note2) ss s« Min | as | 
ins [oe —[unsnten doo fo Le 
Tevwx [ww _[adiresstowtine —~SSSC*d Mn | as | 
Tover_[ 0s [ata Seup tine ————SS—*id Mn ‘|| 
[wor [ex [teatime Po Po Ts 
[ [ross Jouputerabeseuptine ‘dv | 0 | 


EE 

er ee ee 

aca a 
fee. [om [ecru wiagn Lm [oo | [a 
Be 
Erase lEcesOpeaioniNeieie... - .._.| Note 1) 
SG Pe errr or OS a 


Notes: 












oO 










No Fa 
Oo ;|oO 


nm [Pio tw fa — aS 
ro [hm [oO [oH oO on 
NO —_ 
Ne) Oo 


nN 





1. This also includes the preprogramming time. 
2. Not 100% tested. 
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Data Polling 





Addresses 


tWHWH1 


. HE ee 
5.0V SUEY [ASSES 


16736E-24 
Notes: 
1. PA is address of the memory location to be programmed. 
PD is data to be programmed at byte address. 
DQ7 is the output of the complement of the data written to the device. 
Dout is the output of the data written to the device. 
Figure indicates last two bus cycles of four bus cycle sequence. 


ak Wh 


Figure 17. Alternate CE Controlled Program Operation Timings 
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ERASE AND PROGRAMMING PERFORMANCE (Note 2) 


Limits 
Parameter yp 
, 
3 


Chip/Sector Erase Time 


Chip Programming Time 2 


Erase/Program Cycles 100,000 /t ,000,000 


Notes: 


1. The Embedded Algorithm allows for 60 second erase time for military temperature range operations. 
2. The Embedded Algorithms allow for a longer chip program and erase time. However, the actual time will be considerably less 
since bytes program or erase significantly faster than the worst case byte. 
3. DQ5 = “1” only after a byte takes longer than 60 ms to program. 
4. Aminimal number of bytes may require significantly more programming pulses then the typical byte. The majority of bytes will 
program within one or two pulses. This is demonstrated by the Typical and Maximum Chip Programming Times listed above. 


Sector Programming Time 


Byte Program Time 





LATCHUP CHARACTERISTICS 


iin tx 
Input Voltage with respect to Vss on all pins except I/O pins (Including AQ) 
Input Voltage with respect to Vss on all I/O pins 
[owen OSSSSCSSSCSCSCSSSCS*dSC 0 mA | A 
Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. rr Se 






























LCC PIN CAPACITANCE 


"Simba | eaermteoeciten | reste | | me | vat 
Symbol Parameter Description Test Setup . Typ 

a a 
[ene | convoiPinGapactarce | vuzo—S~S~—S 2s | 


Notes: 
1. Sampled, not 100% tested. 
2. Testconditions Ta = 25°C, f = 1.0 MHz 









TSOP PIN CAPACITANCE 


"Simba | ornate oesrnton | rosso | Tom | ae | unt 
Symbol Parameter Description Test Setup Typ 

a 
[ene | conteiPn capactancs | veo —SS™S~i ws | | 


Notes: 
1, Sampled, not 100% tested. 
2. Testconditions Ta = 25°C, f = 1.0 MHz 
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PLCC PIN CAPACITANCE 


ee ee p | ee 
Symbol Parameter Description Test Setup 
[ele 


Notes: 
1. Sampled, not 100% tested. 


2. Testconditions Ta = 25°C, f = 1.0 MHz 









PDIP PIN CAPACITANCE 


Parameter 
Symbol Parameter Description Test Setup 







Notes: 
1. Sampled, not 100% tested. 


2. Testconditions Ta = 25°C, f = 1.0 MHz 








DATA RETENTION 


Test Conditions | Min | Unit 
Minimum Pattern Data Retention Time 150°C 
125°C 
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Data Sheet Revision Summary for 
Am29F010 


Title 
Data sheet is now Final, and not Preliminary. 


Specify “1 Megabit” density. 


General Description 

Include statement “Am29F040 is erased when shipped 
from factory.” 

Write Operation Status, Table 6. Hardware 
Sequence Flags 

Remove listing of DQ4 and made DQ4 as AMD’s 
internal use only. 


Remove paragraph on DQ4, Hardware Sequence Flag. 


DC Characteristics TTL/NMOS Compatible 
Add parameter Iuit: “AQ Input Load Current” 


Delete parameter los: Output Short Curcuit Current. 


DC Characteristics: CMOS Compatible 
Add parameter Iuir: “AQ Input Load Current.” 
Delete parameter los: Output Short Curcuit Current. 


AC Characteristics: Write/Erase/Program 
Operations 


Correct tvcs: Vcc Set Up Time from 2 m to 50 m. 


Figure 13. Sector Protect Algorithm Flow Chart 
Correct Time Out value from 10 mto 100 m. 
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ADVANCE INFORMATION 





Am29F100T/Am29F100B 


1 Megabit (131,072 x 8-Bit/65,536 x 16-Bit) 





al 
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Devices 


CMOS 5.0 Volt-only, Sector Erase Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ 5.0V+10% read, write, and erase 
— Minimizes system level power requirements 
Ei Compatible with JEDEC-standard commands 
— Uses same software commands as E7PROMs 
@ Compatible with JEDEC-standard word-wide 
pinouts 
— 44-pin SO 
— 48-pin TSOP 
Minimum 100,000 write/erase cycles 
@ High performance 
— 70 ns maximum access time 
m@ Sector erase architecture 
— One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, 
and one 64 Kbyte 
— Any combination of sectors can be concurrently 
erased. Also supports full chip erase. 
@ Embedded Erase Algorithms 


~~ Automatically pre-programs and erases the 
chip or any sector 


GENERAL DESCRIPTION 


The Am29F 100 is a 1 Mbit, 5.0 V-only Flash memory or- 
ganized as 128K bytes of 8 bits each or 64K words of 16 
bits each. The Am29F 100 is offered in 44-pin SO and 
48-pin TSOP packages. This device is designed to be 
programmed in-system with the standard system 5.0 V 
Vec supply. A 12.0 V Vpp is not required for 
write or erase operations. The device can also be 
reprogrammed in standard EPROM programmers. The 
Am29F 100 is erased when shipped from the factory. 


The standard Am29F 100 offers access times between 
70 ns and 150 ns, allowing operation of high-speed mi- 
croprocessors without wait states. To eliminate bus 


PRODUCT SELECTOR GUIDE 





Veco = 5.0V+45% 
Vec =5.0V+10% 


Ordering Part No: 





Family Part No: Am29F100 


‘Max Access Time (ns) 
GE (E) Access (ns) 
BE acces 


Publication# 18926 Rev.A Amendment/O | This document contains information on a product under development at Advanced Micro Devices, Inc. The information 
‘ is intended to help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed 
Issue Date: March 1994 preduct without netics. 


@ Embedded Program Algorithms 
— Automatically writes and verifies data at 
specified address 
@ Data Polling and Toggle Bit feature for detec- 
tion of program or erase cycle completion 
m@ Low power consumption 
— 20 mA typical active read current for Byte Mode 
— 28 mA typical active read current for Word 
Mode 
— 30 mA typical write/erase current 
— 25 nA typical standby current 
@ Low Vcc write inhibit < 3.2 V 
m Sector protection 
— Hardware method disables any combination of 
sectors from write or erase operations 
Erase Suspend/Resume 
— Suspend the erase operation to allow a read in 
another sector within the same device 
m@ Boot Code Sector Architecture 
— T = Top sector 
— B = Bottom sector 


contention the device has separate chip enable (CE), 
write enable (WE) and output enable (OE) controls. 


The Am29F100 is pin and command set compatible with 
JEDEC standard 1 Mbit E7PROMs. Commands are writ- 
ten to the command register using standard micropro- 
cessor write timings. Register contents serve as input to 
an internal state-machine which controls the erase and 
programming circuitry. Write cycles also internally latch 
addresses and data needed for the programming and 
erase operations. Reading data out of the device is simi- 
lar to reading from 12.0 V Flash or EPROM devices. 
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The Am29F100 is programmed by executing the pro- 
gram command sequence. This will invoke the Embed- 
ded Program Algorithm which is an internal algorithm 
that automatically times the program pulse widths and 
verifies proper cell margin. Typically, each sector canbe 
programmed and verified in less than one second. 
Erase is accomplished by executing the erase com- 
mand sequence. This will invoke the Embedded Erase 
Algorithm which is an internal algorithm that automati- 
cally preprograms the array if it is not already pro- 
grammed before executing the erase operation. During 
erase, the device automatically times the erase pulse 
widths and verifies proper cell margin. 


The entire chip or any individual sector is typically 
erased and verified in 1.5 seconds (if already completely 
preprogrammed). 


This device also features a sector erase architecture. 
The sector mode allows each sector to be erased and 
reprogrammed without affecting other sectors. 


The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vcc detector automatically 
inhibits write operations on the loss of power. The end of 
program or erase is detected by Data Polling of DQ7, by 
the Toggle Bit feature on DQ6, or the RY/BY pin. Once 
the end of a program or erase cycle has been com- 
pleted, the device internally resets to the read mode. 


AMD’s Flash technology combines years of EPROM 
and E?7PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
Am29F100 memory electrically erases the entire chip or 
all bits within a sector simultaneously via Fowler- 
Nordhiem tunneling. The bytes/words are programmed 
one byte/word at atime using the EPROM programming 
mechanism of hot electron injection. 





ADVANCE INFORMATION 


Flexible Sector-Erase Architecture 


m One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, and 
one 64 Kbyte 
@ Individual-sector, multiple-sector, or bulk-erase 
Capability 
@ Individual or multiple-sector protection is user 
definable 





1FFFFh 
1BFFFh 
19FFFh 
17FFFh 
OFFFFh 
00000h 





16 Kbyte 


Am29F100T Sector Architecture 


Am29F100B Sector Architecture 







1FFFFh 
OFFFFh 
O7FFFh 
OSFFFh 


O3FFFh 
00000h 
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BLOCK DIAGRAM 
DQ0-DQ15 


RY/BY —_ 

Vcc—> eae | 

Vss—> Erase Voltage | Input/Output 
lene Generator Buffers 


WE Control bp 


BYTE a : 
SESES omman 
fe Register = Voltage 


° Generator 
we oa 


7 il an 
a a a a 
STB Y-Decoder Y-Gating 






> 


<= 
oO 
oO 
O 
a 
© 
) 
— 
O 
~ 
= 
= 
© 
=z 
YANO TAQ 


; Cell Matrix 


A0Q—A15 


A-1 


zo fm 
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CONNECTION DIAGRAMS 
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CONNECTION DIAGRAMS 


NC 
BYTE 


Vss 
DQ15/A-1 
DQ7 
DQ14 
DQ6 
DQ13 
DQ5 
DQ12 
DQ4 
Vcec 
DQ11 
DQ3 
DQ10 
DQ2 
DQ 9 
DQ1 
DQ8 
DQO 
OE 
Vss 
CE 
AO 


O 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Standard TSOP 18926A-5 


NC 


q 
= 
2) 


DQ15/A-1 
DQ7 
DQ14 


OON AAA WD = 
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Reverse TSOP 
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LOGIC SYMBOL 
Table 1. AmM29F100 Pin Configuration 


Pin [Function 
[oe fount Enable 


No Internal Connection 


Veco Device Power Supply 
(5.0V+10% or + 5%) 












18926A-7 
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PRELIMINARY 


Am29F200T/Am29F200B 


2 Megabit (262,144 x 8-Bit/131,072 x 16-Bit) CMOS 5.0 Volt-only, 


Sector Erase Flash Memory 


DISTINCTIVE CHARACTERISTICS 
BE 5.0 V+ 10% write and erase, read 
-—— Minimizes system level power requirements 
m@ Compatible with JEDEC-standard commands 
— Uses same software commands as E?7PROMs 
Compatible with JEDEC-standard word-wide 
pinouts 
— 44-pin SO 
— 48-pin TSOP 
@ Minimum 100,000 write/erase cycles 
@ High performance 
— 70 ns maximum access time 
@ Sector erase architecture 


— Three 64 Kbytes, one 32 Kbyte, one 16 Kbyte 
and two 8 Kbytes . 
— Any combination of sectors can be concurrently 
erased. Also supports full chip erase. 
Embedded Erase Algorithms | 


— Automatically pre-programs and erases the 
chip or any sector 


at 
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w@ Embedded Program Algorithms 
— Automatically writes and verifies data at 
specified address 
— Data Polling and Toggle Bit feature for detec- 
tion of program or erase cycle completion 
@ Low power consumption 
— 20 mA typical active read current for Byte Mode 
— 28 mA typical active read current for Word 
Mode 
— 30 mA typical write/erase current 
— 25 A typical standby current 
@ Low Vcc write inhibit < 3.2 V 
@ Sector protection 


— Hardware method disables any combination of 
sectors from write or erase operations 


M@ Erase Suspend/Resume 


— Suspends the erase operation to allow a read in 
another sector within the same device 


@ Boot Code Sector Architecture 
— T = Top sector 
— B= Bottom sector 





GENERAL DESCRIPTION 


The Am29F 200 is a 2 Mbit, 5.0 V-only Flash memory or- 
ganized as 256K bytes of 8 bits each or 128K words of 
16 bits each. The Am29F200 is offered in 44-pin SO 
and 48-pin TSOP packages. This device is designed 
to be programmed in-system with the standard sys- 
tem 5.0 V Vcc supply. A 12.0 V Vep is not required for 
write or erase operations. The device can also be 
reprogrammed in standard EPROM programmers. The 
Am29F200 is erased when shipped from the factory. 


The standard Am29F200 offers access times between 
70 ns and 150 ns, allowing operation of high-speed 
microprocessors without wait states. To eliminate bus 


PRODUCT SELECTOR GUIDE 





Ordering Part No: 





Vec = 5.0 V+ 10% 


CE (E) Access (ns) 
OE (G) Access (ns) 






Family Part No: Am29F200 


Veco =5.0Vt5% -75 


ze ee 


Publication# 18608 Rev.A Amendment/O | This document contains information on a product under development at Advanced Micro Devices, inc. The information is 
Issue Date: March 1994 intended to help you evaluate this product. AMD reserves the right to change or discontinue work on this proposed product 
without notice. 


—— 


contention the device has separate chip enable (CE), 


write enable (WE) and output enable (OE) controls. 


The Am29F200 is pin and command set compatible with 
JEDEC standard 2 Mbit E7PROMs. Commands are writ- 
ten to the command register using standard micropro- 
cessor write timings. Register contents serve as input to 
an internal state-machine which controls the erase and 
programming circuitry. Write cycles also internally latch 
addresses and data needed for the programming and 
erase operations. Reading data out of the device is simi- 
lar to reading from 12.0 V Flash or EPROM devices. 
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The Am29F200 is programmed by executing the pro- 
gram command sequence. This will invoke the Embed- 
ded Program Algorithm which is an internal algorithm 
that automatically times the program pulse widths and 
verifies proper cell margin. Typically, each sector canbe 
programmed and verified in less than one second. 
Erase is accomplished by executing the erase com- 
mand sequence. This will invoke the Embedded Erase 
Algorithm which is an internal algorithm that automati- 
cally preprograms the array if it is not already pro- 
grammed before executing the erase operation. During 
erase, the device automatically times the erase pulse 
widths and verifies proper cell margin. 


The entire chip or any individual sector is typically 
erased and verified in 1.5 seconds (if already completely 
preprogrammed). 


This device also features a sector erase architecture. 
The sector mode allows each sector to be erased and 
reprogrammed without affecting other sectors. 


The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vcc detector automatically 
inhibits write operations on the loss of power. The endof 
program or erase is detected by Data Polling of DQ7, by 
the Toggle Bit feature on DQ6, or the RY/BY pin. Once 
the end of a program or erase cycle has been com- 
pleted, the device internally resets to the read mode. 


AMD’s Flash technology combines years of EPROM 
and E7PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
Am29F200 memory electrically erases the entire chip or 
all bits within a sector simultaneously via Fowler- 
Nordheim tunneling. The bytes/words are programmed 
one byte/word at atime using the EPROM programming 
mechanism of hot electron injection. 


Flexible Sector-Erase Architecture 
mw Three 64 Kbytes, one 32 Kbyte, one 16 Kbyte, and 
two 8 Kbytes 


@ Individual-sector, multiple-sector, or bulk-erase 
Capability 


mw Individua! or multiple-sector protection is user- 
definable 





PRELIMINARY 


SFFFFh 
SBFFFh 
39FFFh 
37FFFh 
2FFFFh 
1FFFFh 
OFFFFh 
00000h 













64 Kbyte 


Am29F200T Sector Architecture 


18608A-1 





3FFFFh 
2FFFFh 
1FFFFh 
OFFFFh 
O7FFFh 
OSFFFh 
O3FFFh 
00000h 









64 Kbyte 


Am29F200B Sector Architecture 18608A-2 
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BLOCK DIAGRAM 


Vcc ——> 
Vss —> 


| 





AOQ-A16 


RY/BY 


Butfer RY/BY 


Erase peas veleoe 
a 










a 
Control 


Command 
Register 


1 


TOM 


Chip Enable 
—— Enable 
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|| DQ0-DQ15 


eeu 
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qd | Y-Decoder | y-Gating | 
d 
r 
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S 1 X-Decoder i Cell Matrix 
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CONNECTION DIAGRAMS 


NC [} 1° 44 [] RESET 


RY/BY [] 2 43 1] We 
NC [J 3 42 [] A8 
A7 [] 4 41 [] 49 
A6 [5 40 Lj A10 
AS [16 39 1] A11 
A4 {} 7 38 [| A12 
A3 {] 8 37 [] A13 


A2 |} 9 36 |] A14 
Al {] 10 35 [] A15 
AO {} 11 34 [| A16 | 
CE {f 12 33 [|] BYTE 





Vss Lf 13 32 [| Vss 

OE [}.14 r] DQ15/A-1 
DQO [] 15 30 |] DQ7 
DQ8 [16 29 [J DQ14 
Dai [] 17 28 || DA6 
DQQ [] 18 27 || DQ13 
DQ2 [] 19 | | DQS 
DQ10 |} 20 a5 || DQ12 


DQ3 [|] 21 24 || DQ4 
DQ11 [} 22 23 1] Vcc 
18608A-4 
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CONNECTION DIAGRAMS 


A15 
A14 
A13 
Al2 
Alt 
A10 








Ai6 
BYTE 
Vss 
DQ15/A-1 
DQ7 
DQ14 
DQ6 
DQ13 
DQ5 
DQ12 
DQ4 
Vcc 
DQ11 
DQ3 
DQ10 
DQ2 
DQ9 
DQ1 
DQ8 
DQO 
OE 
Vss 
CE 

AO 


O 


, 
2 
3 
4 
5 
6 
7 
8 
9 


8608A-5 
Standard TSOP eee 


4 


OON ODA hRWM — 
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Reverse TSOP 
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DQ0-DQ15 
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PRELIMINARY 


Table 1. Am29F200 Pin Configuration 


Pin [Function 
avre 
NC 

ss 

CC 




















PNG No Internal Connection 


V 
V. Device Power Supply 
(5.0 V+ 10% or + 5%) 
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ORDERING INFORMATION 
Standard Products 


AMD ‘standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


Am29F200 T -75 E Cc 


B 
f rn OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-lIn 


TEMPERATURE RANGE 





C = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 
E = Extended (-55°C to +125°C) 
PACKAGE TYPE 


E = 48-Pin Thin Small Outline Package 
(TSOP) Standard Pinout (TS 048) 

F = 48-Pin Thin Small Outline Package 
(TSOP) Reverse Pinout (TSR 048) 

S = 44-Pin Small Outline Package, (SO 044) 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


BOOT CODE SECTOR ARCHITECTURE 
T = Top sector 

B = Bottom sector 

DEVICE NUMBER/DESCRIPTION 

Am29F200 

2 Megabit (256K x 8-Bit or 128K x 16-Bit) CMOS Flash Memory 

5.0 V-only Program and Erase 






Valid Combinations 


Valid Combinations 
Am29F200T/B-75 | EC, FC, SC Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 


Am29F2001/B-90 EC, El, FC, Fl, EE, cal AMD sales office to confirm availability of specific 
Am29F2001/B-120} EEB, FE, FEB, SC, valid combinations and to check on newly released 


Am29F200T/B-150 SI, SE, SEB ‘ combinations. 
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Table 2. Am29F200 User Bus Operations (BYTE = Vin) 


[operation «te | we wo | mr | ms | a0 | vaovors | never 
cee a 


eS Ne 
prea ca tetas] ©] oom | A 
a ce 
Toupaveae sp ete] x| x] x] x] none | x 
cen AE 8 SB A 
[eraiesoarrooa ft pve t |x} x]x wel x 

uaa Tec atte let eee 
[Tempo Svcorvimees | xx] x][xfx]x]x] x | 


Table 3. Am29F200 User Bus Operations (BYTE = Vi) 


[operation + ee |e | we | | m | me | Ao | vonbor | never 
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Legend: 






























L = Vit, H = Vin, X = Don't Care. See DC Characteristics for voltage levels. 


Notes: 
1. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 7. 
2. Refer to the section on Sector Protection. 


3. WeEcan be Vi if OE is Vi, OF at Vin initiates the write operations. 





Read Mode access time (tce) is the delay from stable addresses and 


The Am29F200 has two control functions which must be stable CE to valid data at the output pins. The output as 
Satisfied in order to obtain data at the outputs. CE is the able access time is the delay from the falling edge of OE 
power contro! and should be used for device selection. to valid data at the output pins (assuming the addresses 
CE is the output control and should be used to gate data have been stable for at least tacc-toe time). 

to the output pins if a device is selected. 


Address access time (tacc) is equal to the delay from 
Stable addresses to valid output data. The chip enable 
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Standby Mode 


The Am29F200 has two standby modes, a CMOS 
standby mode (CE input held at Vcc + 0.5 V), when the 
current consumed is less than 100 yA; and a TTL 
standby mode (CE is held at Vin) when the current re- 
quired is reduced to approximately 1 MA. Inthe standby 
mode the outputs are in a high impedance state, inde- 
pendent of the OE input. 


If the device is deselected during erasure or program- 
ming, the device will draw active current until the opera- 
tion is completed. 


Output Disable 


With the OE input at a logic high level (Vin), output from 
the device is disabled. This will cause the output pins to 
be in a high impedance state. 


Autoselect 


The autoselect mode allows the reading out of a binary 
code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
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programming algorithm. This mode is functional over 
the entire temperature range of the device. 


To activate this mode, the programming equipment 


must force Vip (11.5 V to 12.5 V) on address pin AQ. Two 
identifier bytes may then be sequenced from the device 


outputs by toggling address AO from Vit to Vin. All ad- 


dresses are don't cares except AO, A1, and A6. 


The manufacturer and device codes may also be read 
via the command register, for instances when the 
Am29F200 is erased or programmed in a system with- 
out access to high voltage on the A9 pin. The command 
sequence is illustrated in Table 7 (refer to Autoselect 
Command section). 


Byte 0 (AO = ViL) represents the manufacturer's code 
(AMD=01H) and byte 1 (AO = Vin) the device identifier 
code (Am29F200T = 51H and Am29F200B = 52H for x8 
mode; Am29F200T = 2251H and Am29F200B = 2252H 
for x16 mode). These two bytes/words are given in the 
table below. All identifiers for manufacturer and device 
will exhibit odd parity with the DQ7 defined as the parity 
bit. In order to read the proper device codes when exe- 
cuting the autoselect, A1 must be Vit (see Tables 4.1 
and 4.2). 


Table 4.1 Am29F200 Sector Protection Verify Autoselect Codes 


Manufacturer’s Code 


| 
Am29F200 Am29F200T Word 


Device 
t 
Code Am29F200B 





Sector Protection — 


‘Outputs 01H at protected sector addresses 


Table 4.2 Expanded Autoselect Code Table 





Manufacturer's Code 


Am29F200 
Device 
Code 


Po ere eeedea oma eo foe 
(B) — Byte mode 
(W) — Word mode 











Type Code Q : HEEB 
cs af 7 a Bu cs 


poeeecnout 51H ma mz me mez mez mez mez mez poppy 
2251H 

Ame 2008 a 52H HZ HZ) HZ] HZ] WIZ] Hi-Z | Hi-Z pile 
2252H 
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Table 5. Sector Address Tables (Am29F200T) 





Write 


Device erasure and programming are accomplished via 
the command register. The contents of the register 
serve as inputs to the internal state machine. The state 
machine outputs dictate the function of the device. 


The command register itself does not occupy any ad- 
dressable memory location. The register is a latch used 
to store the commands, along with the address and data 
information needed to execute the command. The com- 
mand register is written to by bringing WE to Vi, while 
CE is at Vi_ and OE is at Vin. Addresses are latched on 
the falling edge of WE or CE, whichever happens later; 
while data is latched on the rising edge of WE or CE, 
whichever happens first. Standard microprocessor write 
timings are used. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Wavetorms for specific timing parameters. 


Sector Protection 


The Am29F200 features hardware sector protection. 
This feature will disable both program and erase opera- 
tions in any number of sectors (0 through 6). The sector 
protect feature is enabled using programming equip- 
ment at the user's site. The device is shipped with all 
sectors unprotected. Alternatively, AMD may program 


and protect sectors in the factory prior to shipping the 
device (AMD’s ExpressFlash™ Service). 

To activate this mode, the programming equipment | 
must force Vin on address pin AQ and control pin OE, 
(suggest Vio = 11.5 V) and CE = Vi. The sector ad- 
dresses (A16, A15, A14, A13, and A12) should be set to 
the sector to be protected. Tables 5 and 6 define the 
sector address for each of the seven (7) individual! sec- 
tors. Programming of the protection circuitry begins on 
the falling edge of the WE pulse and is terminated with 
the rising edge of the same. Sector addresses must be 
held constant during the WE pulse. Refer to figures 17 
and 18 for sector protect algorithm and waveforms. 


To verify programming of the protection circuitry, the 
programming equipment must force Vip on address pin 
AQ with CE and OE at Vit and WE at Vin. Scanning the 
sector addresses (A16, A15, A14, A13, and A12) while 
(A6, A1, AO) = (0, 1, 0) will produce a logical “1” code at 
device output DQO for a protected sector. Otherwise the 
device will produce OOH for an unprotected sector. 
In this mode, the lower order addresses, except for AO, 
A1, and A6 are don't care. Address locations with A1 = 
Vit are reserved for Autoselect manufacturer and device 
codes. 
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It is also possible to determine if a sector is protected in 
the system by writing an Autoselect command. Pertorm- 
ing a read operation at the address location XX02H, 
where the higher order addresses (A16, A15, A14, A13, 
and A12) are the sector address will produce a logical 
“1” at DQO for aprotected sector. See Tables 4.1 and 4.2 
for Autoselect codes. 


Temporary Sector Unprotect 


This feature allows temporary unprotection of previ- 
ously protected sectors of the Am29F200 device in or- 
der to change data. The Sector Unprotect mode is 
activated by setting the RESET pin to high voltage 
(12V). During this mode, formerly protected sectors 
can be programmed or erased by selecting the sector 
addresses. Once the 12V is taken away from the 
RESET pin, all the previously protected sectors will be 
protected again. 


Sector Unprotect 


The Am29F200 also features a sector unprotect mode, 
so that a protected sector may be unprotected to incor- 
porate any changes in the code. All sectors should be 
protected prior to unprotecting any sector. 


To activate this mode, the programming equipment 
must force Vip on control pin OE and address pin AQ. 
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The CE and AO pins must be set at Vi. Pins A6 and A1 
must be set to Vin. Refer to Figure 19 for the sector un- 
protect algorithm. The unprotection mechanism begins 
on the falling edge of the WE pulse and is terminated 
with the rising edge of the same. 


It is also possible to determine if a sector is unprotected 
in the system by writing the autoselect command and A6 
is set at Vic. Performing a read operation at address lo- 
cation XXX2H, where the higher order addresses (A16, 
A15, A14, A13, and A12) define a particular sector ad- 
dress, will produce 00H at data outputs (DQ0-DQ7) for 
an unprotected sector. 


Command Definitions 


Device operations are selected by writing specific ad- 
dress and data sequences into the command register. 
Writing incorrect address and data values or writing 
them in the improper sequence will reset the device 
to the read mode. Table 7 defines the valid register 
command sequences. Note that the Erase Suspend 
(BO) and Erase Resume (30) commands are valid only 
while the Sector Erase operation is in progress. Either of 
the two reset commands will reset the device (when ap- 
plicable). Please note that commands are always writ- 
ten at DQ0-DQ7 and DQ8—-DQ ‘15 bits are ignored. 


Table 7. Am29F200 Command Definitions 






Command 
Sequence 
Read/Reset 


Read/Reset 


com 
Autoselect eee 
= 
a 


First Bus 
Write Cycle 


[Readmesst || xxxn| rou] | 









Sector Erase Resume 


Notes: 





Write Cycle | Write ee Cycle 
een Ae eee eet 
AAH|2AAAH | 55H FOH = 

errr 
AAH|2AAAH | 55H | 5555H | 90H 
eee | | 
ial te =} 
rae IS555H | et 
Eo I2AAAH | 55H = 55H 10H 
80H | 5555H | AAH 
ao AAAAH Pesac [ an aaa /5555H | 
Erase can be suspended during sector erase with Addr (don't care), Data (BOH) 


Erase can be resumed after suspend with Addr (don't care), Data (30H) 











Fourth Bus 
Read/Write 





Fifth Bus Sixth Bus 
Write Cycle | Write Cycle 


eae 8 Ca 








| AAAAH | 


| 5555H | AAAAH 






1. Address bit A15 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA) 
Write Sequences may be initiated with A15 in either state. 


2. Address bits A16 = X = Don’t Care for all address commands except for Program Address (PA) and Sector Address (SA). 
3. Bus operations are defined in Table 2. 


4. RA = Address of the memory location to be read. —— 
PA = Address of the memory location to be programmed. Addresses are latched on the falling edge of the WE pulse. 
SA = Address of the sector to be erased. The combination of A16, A15, A14, A13, and A12 will uniquely select any sector. 


5. RD = Data read from location RA during read operation. Pon 
PD = Data to be programmed at location PA. Data is latched on the falling edge of WE. 


6. The system should generate the following address patterns: 
Word Mode: 5555H or 2AAAH to addresses AO — A14 
Byte Mode: AAAAH or 5555H to addresses A-1 — A14. 
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Read/Reset Command 


The read or reset operation is initiated by writing the 
read/reset command sequence into the command reg- 
ister. Microprocessor read cycles retrieve array data 
fromthe memory. The device remains enabled for reads 
until the command register contents are altered. 


The device will automatically power-up in the read/reset 
State. In this case, acommand sequence is not required 
to read data. Standard microprocessor read cycles will 
retrieve array data. This default value ensures that no 
spurious alteration of the memory content occurs during 
the power transition. Refer to the AC Read Characteris- 
tics and Waveforms for the specific timing parameters. 


Autoselect Command 


Flash memories are intended for use in applications 
where the local CPU alters memory contents. As such, 
manufacture and device codes must be accessible 
while the device resides in the target system. PROM 
programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto the address lines is not generally desired 
system design practice. 


The device contains an autoselect command operation 
to supplement traditional PROM programming method- 
ology. The operation is initiated by writing the 
autoselect command sequence into the command 
register. Following the command write, a read cycle 
from address XXOOH retrieves the manufacture code of 
O1H. A read cycle from address XX01H returns the 
device code (Am29F200T = 51H and Am29F200B = 
52H for x8 mode; Am29F200T = 2251H and 
Am29F200B = 2252H for x16 mode) (see Tables 4.1 
and 4.2). 


All manufacturer and device codes will exhibit odd parity 
with DQ7 defined as the parity bit. 


Scanning the sector addresses (A16, A15, A14, A13, 
and A12) while (A6, A1, AO) = (0, 1, 0) will produce a 
logical “1” at device output DQO for a protected sector. 


To terminate the operation, it is necessary to write the 
read/reset command sequence into the register. 


Byte/Word Programming 


The device is programmed on a byte-by-byte (or 
word-by-word) basis. Programming is a four bus cycle 
operation. There are two “unlock” write cycles. These 
are followed by the program set-up command and data 
write cycles. Addresses are latched on the falling edge 
of CE or WE, whichever happens later and the data is 
latched on the rising edge of CE or WE, whichever 
happens first. The rising edge of CE or WE (whichever 
happens first) begins programming: Upon executing the 
Embedded Program Algorithm command sequence the 
system is not required to provide further controls or 
timings. The device will automatically provide adequate 
internally generated program pulses and verify the 
programmed Cell margin. 


The automatic programming operation is completed 
when the data on DQ7 is equivalent to data written to 
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this bit (see Write Operation Status section) at which 
time the device returns to the read mode and addresses 
are no longer latched. Therefore, the device requires 
that a valid address to the device be supplied by the sys- 
tem at this particular instance of time. Hence, Data Poll- 
ing must be performed at the memory location which is 
being programmed. 


Any commands written to the chip during this period will 
be ignored. 


Programming is allowed in any sequence and across 
sector boundaries. Beware that a data “0” cannot be 
programmed back to a “1”. Attempting to do so may 
either hang up the device or result in an apparent suc- 
cess according to the data polling algorithm but a read 
from reset/read mode will show that the data is still “O”. 
Only erase operations can convert “0”s to “1s. 


Figure 1 illustrates the Embedded Programming 
Algorithm using typical command strings and bus 
operations. 


Chip Erase 


Chip erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the chip erase command. 


Chip erase does notrequire the user to program the de- 
vice prior to erase. Upon executing the Embedded 
Erase™ Algorithm command sequence the device auto- 
matically will program and verify the entire memory for 
an all zero data pattern prior to electrical erase. The sys- 
tem is not required to provide any controls or timings 
during these operations. 


The automatic erase begins on the rising edge of the last 
WE pulse in the command sequence and terminates 
when the data on DQ7 is “1” (see Write Operation Status 
section) at which time the device returns to read 
the mode. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Sector Erase 


Sector erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the sector erase command. The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(30H) is latched on the rising edge of WE. A time-out of 
80 us from the rising edge of the last sector erase com- 
mand will initiate the sector erase command(s). 


Multiple sectors may be erased concurrently by writing 
the six bus cycle operations as described above. This 
sequence is followed with writes of the Sector Erase 
command to addresses in other sectors desired to be 
concurrently erased. The time between writes must be 
less than 80 us, otherwise that command will not be ac- 
cepted and erasure will start. It is recommended that 
processor interrupts be disabled during this time to 
guarantee this condition. The interrupts can be 
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re-enabled after the last Sector Erase command is writ- 
ten. A time-out of 80 j1s from the rising edge of the last 
WE will initiate the execution of the Sector Erase com- 
mand(s). If another falling edge of the WE occurs within 
the 80 ps time-out window the timer is reset. (Monitor 
DQ3 to determine if the sector erase timer window is still 
open, see section DQ3, Sector Erase Timer.) Any com- 
mand other than Sector Erase or Erase Suspend during 
this period will reset the device to the read mode, 
ignoring the previous command string. Resetting the de- 
vice once execution has begun will corrupt the data in 
that sector. In that case, restart the erase on those sec- 
tors and allow them to complete. (Refer to the Write Op- 
eration Status section for Sector Erase Timer 
operation.) Loading the sector erase buffer may be done 
in any sequence and with any number of sectors (0 to 6). 


Sector erase does not require the user to program the 
device prior to erase. The device automatically pro- 
grams all memory locations in the sector(s) to be erased 
prior to electrical erase. When erasing a sector or sec- 
tors the remaining unselected sectors are not affected. 
The system is not required to provide any controls or 
timings during these operations. 


The automatic sector erase begins after the 80 ps time 
out from the rising edge of the WE pulse for the last sec- 
tor erase command pulse and terminates when the data 
on DQ7 is “1” (see Write Operation Status section) at 


which time the device returns to the read mode. Data 


Polling must be performed at an address within any of 
the sectors being erased. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Erase Suspend 


Erase Suspend command allows the user to interrupt 
the chip and then perform data reads (not program) from 
a non-busy sector during a Sector Erase operation 
(which may take up to several seconds). This command 
is applicable ONLY during the Sector Erase operation 
and will be ignored if written during the Chip Erase or 
Programming operation. The Erase Suspend command 
(BOH) which is allowed only during the Sector Erase Op- 
eration includes the sector erase time-out period after 
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the Sector Erase commands (30H). Writing this 
command during the time-out will result in immediate 
termination of the time-out period. Any subsequent 
writes of the Sector Erase command will be ignored as 
such, but instead will be taken as the Erase Resume 
command. Note that any other commands during the 
time out will reset the device to read mode. The ad- 
dresses are don’t-cares when writing the erase Sus- 
pend or Erase Resume commands. 


When the Erase Suspend command is written during a 
Sector Erase operation, the chip will take between 
0.1 us to 15 ps to Suspend the erase operation and go 
into erase Suspended read mode (pseudo-read mode), 
during which the user can read from a sector that is NOT 
being erased. Aread from a sector being erased may re- 
sult in invalid data. The user must monitor the toggle bit 
(DQ6) to determine if the chip has entered the pseudo- 
read mode, at which time the toggle bit stops toggling. 
An address of a sector NOT being erased must be used 
to read the toggle bit, otherwise the user may encounter 
intermittent problems. Note that the user must keep 
track of what state the chip is in since there is no external 
indication of whether the chip is inpseudo-read mode or 
actual read mode. After the user writes the Erase Sus- 
pend command, the user must wait until the toggle bit 
stops toggling before data reads from the device can be 
performed. Any further writes of the Erase Suspend 
command at this time will be ignored. 


Every time an Erase Suspend command followed by an 
Erase Resume command is written, the internal (pulse) 
counters are reset. These counters are used to count 
the number of high voltage pulses the memory cell 
requires to program or erase. If the count exceeds a 
certain limit, then the DQ5 bit will be set (Exceeded Time 
Limit flag). This resetting of the counters is necessary 
since the Erase Suspend command can potentially 
interrupt or disrupt the high voltage pulses. 


To resume the operation of Sector Erase, the Resume 
command (30H) should be written. Any further writes of 
the Resume command at this point will be ignored. 
Another Erase Suspend command can be written after 
the chip has resumed erasing. 





Write Operation Status 


Table 8. Hardware Sequence Flags 





In Progress 


Exceeded 
Time Limits 


Notes: 

1. DQO, DQ1, and DQ2 are reserve pins for future use. 
2. DQ8-DQ15 = Don't Care for x16 mode. 

3. DQ4 for AMD internal use only. 


sus —~——~—S~*~dr a | was | as | pos | pazpeo 
auto Programming | Da? [Toggle] _o | 0 | 
[ Program/Erase in Auto Erase | _0 [Toggle] 0 | 1 
Tauto-Programning | Da? [Toggle 1 | 1 
F ProgramvEtaso in AuioEvase | 0 [Togatel + [1 





(B) (Note 1) 






(D) (Note 1) 
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DQ7 
Data Polling 


The Am29F200 device features Data Polling as a 
method to indicate to the host that the Embedded Algo- 
rithms are in progress or completed. During the Embed- 
ded Program Algorithm an attempt to read the device 
will produce the complement of the data last written to 
DQ7.Upon completion of the Embedded Program Algo- 
rithm, an attempt to read the device will produce the true 
data last written to DQ7. During the Embedded Erase 
Algorithm, an attempt to read the device will produce a 
“0” at the DQ7 output. Upon completion of the Embed- 
ded Erase Algorithm an attempt to read the device will 
produce a “1” at the DQ7 output. The flowchart for Data 
Polling (DQ7) is shown in Figure 3. 


For chip erase, the Data Polling is valid after the rising 
edge of the sixth WE pulse in the six write pulse se- 
quence. For sector erase, the Data Polling is valid after 
the last rising edge of the sector erase WE pulse. Data 
Polling must be performed at sector address within any 
of the sectors being erased and not a protected sector. 
Otherwise, the status may not be valid. Once the Em- 
bedded Algorithm operation is close to being com- 
pleted, the Am29F200 data pins (DQ7) may change 
asynchronously while the output enable (OE) is as- 
serted low. This means that the device is driving status 
information on DQ7 at one instant of time and then that 
byte’s valid data at the next instant of time. Depending 
on when the system samples the DQ7 output, it may 
read the status or valid data. Even if the device has com- 
pleted the Embedded Algorithm operation and DQ7 has 
a valid data, the data outputs on DQ0—DQ6 may be still 
invalid. The valid data on DQ0O—DQ7 will be read on the 
successive read attempts. 


The Data Polling feature is only active during the Em- 
bedded Programming Algorithm, Embedded Erase Al- 
gorithm, or sector erase time-out (see Table 8). 


See Figure 11 for the Data Polling ig specifications © 


and diagrams. 


DQ6 
Toggle Bit 


The Am29F200 also features the “Toggle Bit” as a 
method to indicate to the host system that the Embed- 
ded Algorithms are in progress or completed. 


During an Embedded Program or Erase Algorithm cy- 
cle, successive attempts to read (OE toggling) data from 
the device will result in DQ6 toggling between one and 
zero. Once the Embedded Program or Erase Algorithm 
cycle is completed, DQ6 will stop toggling and valid data 
will be read on the next successive attempts. During 
programming, the Toggle Bit is valid after the rising edge 
of the fourth WE pulse in the four write pulse sequence. 
For chip erase, the Toggle Bit is valid after the rising 
edge of the sixth WE pulse in the six write pulse se- 
quence. For Sector erase, the Toggle Bit is valid after 
the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 
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In programming, if the sector being written to is pro- 
tected, the toggle bit will toggle for about 2 us and then 
Stop toggling without the data having changed. In erase, 
the device will erase all the selected sectors except for 
the ones that are protected. If all selected sectors are 
protected, the chip will toggle the toggle bit for about 100 
us and then drop back into read mode, having changed 
none of the data. 


Either CE or OE toggling will cause the DQ6 to toggle. In 
addition, an Erase Suspend/Resume command will 
cause DQ6 to toggle. 


See Figure 12 for the Toggle Bit timing specifications 
and diagrams. 


DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits (internal pulse count). Under 
these conditions DQ5 will produce a “1”. This is a failure 
condition which indicates that the program or erase Cy- 
cle was not successfully completed. Data Polling is the 
only operating function of the device under this condi- 
tion. The CE circuit will partially power down the device 
under these conditions (to approximately 2 mA). The OE 
and WE pins will control the output disable functions as 
described in Table 2. 


If this failure condition occurs during sector erase opera- 
tion, it specifies that a particular sector is bad and it may 
not be reused. However, other sectors are sti!l functional 
and may be used for the program or erase operation. 
The device must be reset to use other sectors. Write the 
Reset command sequence to the device, and then exe- 
cute program or erase command sequence. This allows 
the system to continue to use the other active sectors in 
the device. 


If this failure condition occurs during the chip erase op- 
eration, it specifies that the entire chip is bad or combi- 


_ nation of sectors are bad. 


If this failure condition occurs during the byte program- 
ming operation, it specifies that the entire sector con- 
taining that byte is bad and this sector may not be 
reused, (other sectors are still functional and can 
be reused). 


The DQS5 failure condition may also appear if a user tries 
to program a non blank location without erasing. In this 
case the device locks out and never completes the 
Embedded Algorithm operation. Hence, the system 
never reads a valid data on DQ7 bit and DQ6 never 
stops toggling. Once the device has exceeded timing 
limits, the DQ5 bit will indicate a “1.” Please note that this 
is not a device failure condition since the device was 
incorrectly used. 


DQ3 
Sector Erase Timer 


After the completion of the initial sector erase command 
sequence the sector erase time-out will begin. DQ3 will 
remain low until the time-out is complete. Data Polling 
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and Toggle Bit are valid after the initial sector erase 
command sequence. 


lf Data Polling or the Toggle Bit indicates the device has 
been written with a valid erase command, DQ3 may be 
used to determine if the sector erase timer window is still 
open. If DQ3 is high (“1”) the internally controlled erase 
cycle has begun; attempts to write subsequent com- 
mands to the device will be ignored until the erase op- 
eration is completed as indicated by Data Polling or 
Toggle Bit. If DQ3 is low (“0”), the device will accept ad- 
ditional sector erase commands. To insure the com- 
mand has been accepted, the system software should 
check the status of DQ3 prior to and following each sub- 
sequent sector erase command. If DQ3 were high on 
the second status check, the command may not have 
been accepted. 


Refer to Table 8: Hardware Sequence Flags. 


RY/BY 
Ready/Busy 


The Am29F200 provides a RY/BY output pin as a way to 
indicate to the host system that the Embedded Algo- 
rithms are either in progress or completed. If the output 
is low, the device is busy with either a program or erase 
operation. If the output is high, the device is ready to ac- 
cept any read/write or erase operation. When the RY/BY 
pin is low, the device will not accept any additional pro- 
gram or erase commands. If the Am29F200 ts placed in 
an Erase Suspend mode, the RY/BY output will be high. 
Also, since this is an open drain output, many RY/BY 
pins can be tied together in parallel with a pull up resistor 
to Vcc. 


During programming, the RY/BY pin is driven low after 
the rising edge of the fourth WE pulse. During an erase 
operation, the RY/BY pin is driven low after the rising 
edge of the sixth WE pulse. The RY/BY pin should be 
ignored while RESET is at Vic. Refer to Figure 13 fora 
detailed timing diagram. 


RESET 
Hardware Reset 


The Am29F200 device may be reset by driving the 
RESET pin to Vic. The RESET pin has a pulse require- 
ment and has to be kept low (Vit) for at least 500 ns in 
order to properly reset the internal state machine. Any 
operation in the process of being executed will be termi- 
nated and the internal state machine will be reset 20 us 
after the RESET pin is driven low. Furthermore, once 
the RESET pin goes high, the device requires an addi- 
tional 50 ns before it will allow read access. When the 
RESET pinis low, the device will be in the standby mode 
for the duration of the pulse and all the data output pins 
will be tri-stated. If ahardware reset occurs during a pro- 
gram or erase operation, the data at that particular loca- 
tion will be corrupted. Please note that the RY/BY output 
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signal should be ignored during the RESET pulse. Refer 
to Figure 14 for the timing diagram. 


Byte/Word Configuration 


The BYTE pin selects the byte (8-bit) mode or word 
(16 bit) mode for the Am29F200 device. When this pinis 
driven high, the device operates in the word (16 bit) 
mode. The data is read and programmed at 
DQ0-DQ15. When this pin is driven low, the device op- 
erates in byte (8 bit) mode. Under this mode, the 
DQ15/A-1 pin becomes the lowest address bit and 
DQ8-DQ14 bits are tristated. However, the command 
bus cycle is always an 8-bit operation and hence com- 
mands are written at DQ0—DQ7 andthe DQ8-DQ15bits 
are ignored. Refer to Figures 15 and 16 for the timing 
diagram. 


Data Protection 


The Am29F200 is designed to offer protection against 
accidental erasure or programming caused by spurious 
system level signals that may exist during power transi- 
tions. During power up the device automatically resets 
the internal state machine inthe Read mode. Also, with 
its control register architecture, alteration of the memory 
contents only occurs after successful completion of spe- 
cific multi-bus cycle command sequences. 


The device also incorporates several features to pre- 
vent inadvertent write cycles resulting form Vcc power- 
up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command 
register is disabled and all internal progranverase Cir- 
cuits are disabled. Under this condition the device will 
reset to the read mode. Subsequent writes will be ig- 
nored until the Vcc level is greater than Viko. It is the 
users responsibility to ensure that the control pins are 
logically correct to prevent unintentional writes when 
Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 

Noise pulses of less than 5 ns (typical) on OF, CEor WE 
will not initiate a write cycle. 

Logical Inhibit 


Writing is inhibited by holding any one of OE = Vu, 
CE = Vin or WE = Vin. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi andOE=Vin 
willnot accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 
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EMBEDDED ALGORITHMS 






Write Program Command Sequence 
(see below) 


Data Poll Device 


Last Address 
? 


Yes 


Programming Completed 








Increment Address 











Program Command Sequence (Address/Command): 


5555H/AAH 
2AAAH/55H 


5555H/AOH 


Program Address/Program Data 


Figure 1. Embedded Programming Algorithm 





18608A-8 





Table 9. Embedded Programming Algorithm 


Standby (Note 1) Fa career 

wit 

Read [YBa Ping to Verity Programming 
1. Device is either powered-down, erase inhibit or program inhibit. 














) 
Note: 
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EMBEDDED ALGORITHMS 





Write Erase Command Sequence 
(see below) 
Data Polling or Toggle Bit 
Successfully Completed 


Erasure Completed 






Chip Erase Command Sequence Individual Sector/Multiple Sector 
(Address/Command): Erase Command Sequence 
(Address/Command): 


5555H/AAH 






2AAAH/55H 






5555H/80H 







5555H/AAH 


2AAAH/S5H 






Sector Address/30H 





Sector Address/30H Masia al eaeiop 
erase commands 
are optional 

Sector Address/30H 
18608A-9 


Figure 2, Embedded Erase Algorithm 





Table 10. Embedded Erase Algorithm 


Standby (Neo 1 ee 
ae Cease SS 
Standby (Nee So 


Note: 
1. Device is either powered-down, erase inhibit or program inhibit. 
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VA = Byte address for programming 

= Any of the sector addresses within the 
sector being erased during sector erase 
operation 

= XXXXH during chip erase 









Read Byte 
(DQ0—-DQ7) 
Addr=VA 





Read Byte 
(DQ0—DQ7) 
Addr=VA 


18608A-10 
Note: 


1. DQ7 is rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DOS. 





Figure 3. Data Polling Algorithm 
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VA = Byte address for programming 
= any of the sector addresses within the 
sector being erased during sector erase 
operation 
= XXXXH during chip erase 
= any address not within the sector in the 
process of an Erase Suspend operation 





Read Byte 
(DQ0-DQ7) 
Addr=VA 






DQ6=Toggle 
? 








Read Byte 
(DQ0-DQ7) 
Addr=VA 






Pass 


18608A-1 1 


1. DQ6 is rechecked even if DQ5 = “1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Note: 


Figure 4. Toggle Bit Algorithm 














20 ns 20 ns 
+0.8 V 
—-0.5V 
-2.0V 
18608A-12 
20 ns 
Figure 5. Maximum Negative Overshoot Waveform 
20 ns 
Veco + 2.0 V 
Voc +0.5V reece e NYY YY 
soy LVVVVW /\ 





20 ns 20 ns 18608A-13 
Figure 6. Maximum Positive Overshoot Waveform 





Am29F200T/Am29F200B 1-61 


C1 amo 


ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 


Ceramic Packages ............. -—65°C to +150°C 
Plastic Packages ............... —65°C to +125°C 
Ambient Temperature 

with Power Applied ............. —55°C to +125°C 
Voltage with Respect to Ground 

All pins except A9 (Note 1) ....... —2.0Vto+7.0V 
VeC{NOTE T): 3-3 favs tere hu iiwee acd -2.0Vto+7.0V 
AQ (Note 2) ...............0.. —2.0V 10 +14.0 V 
Output Short Circuit Current (Note 3) ...... 200 mA 
Notes: ! 


1. Minimum DC voltage on input or /O pins is —0.5 V. During 
voltage transitions, inputs may overshoot Vss to —2.0 V for 
periods of up to 20 ns. Maximum DC voltage on output and 
I/O pins ts Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20 ns. 


2. Minimum DC input voltage on A9 pin is -0.5 V. During volt- 
age transitions, A9 may overshoot Vss to -2.0 V for peri- 
ods of up to 20 ns. Maximum DC input voltage on AQ is 
+13.5 V which may overshoot to 14.0 V for periods up to 
20 ns. 


3. Nomore than one output shorted at atime. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


PRELIMINARY 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vcc for Am29F200T/B-75 ....... +4.75 V to +5.25 V 


Vcc for AM29F200T/B-90, 120 ... +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS 
TTL/NMOS Compatible 


Parameter 
Symbol! Parameter Description Test Conditions 
Input Load Current VIN = Vss to Vec, Vcc = Vcc Max 


AQ Input Load Current Vcc = Vcc Max, A9 = 12.5 V 
Output Leakage Current VouT = Vss to Vcc, Vcc = Vcc Max 


Icc1 Vcc Active Current (Note 1) CE = Vit, OE = Vin 
Vcc Active Current (Notes 2, 3) CE = ViL.OE = Vin Co 















VIH Input High Level 2.0 Vcc V 
+ 0.5 
Voltage for Autoselect Vec = 5.0 V 11.5 12.5 V 
and Sector Protect 
| Vo | v 
: V 


Output Low Voltage lo. = 5.8 mA, Vcc = Vcc Min P| 0.45 | 
Output High Level loH = ~2.5 mA Vcc = Vcc Min | 2a [| 


1. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). 
The frequency component typically is less than 2 mA/MHz, with OE at Vin. 


Vcc Standby Current Vcc = Vcc Max, CE = Vin, OE = Vin 





2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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DC CHARACTERISTICS (continued) 
CMOS Compatible 


Parameter 

Symbol Parameter Description Test Conditions 
Input Load Current Vin = Vss to Vcc, Vec = Vcc Max Rs 1 
AQ Input Load Current Vcc = Vcc Max, A9 = 12.5 V a 
Output Leakage Current VouT = Vss to Vcc, Vcc = Vcc Max 


loc1 Vcc Active Current (Note 1) CE = Vit, OE = VIH Byte =f 
[weg 


lees Vcc Standby Current Vcc = Vcc Max, CE = Vcc +0.5 V, 100 
OE = VIH 


| 
VIH Input High Level 0.7x Vcc 
Vcc +0.3 
Output Low Voltage lot = 5.8 mA, Vcc = Vcc Min P| 











He 
° 


+1.0 







loH = —2.5 mA, Vcc = Vcc Min 0.85 


Output High Voltage 
loH = -100 pA, Voc = Vcc Min Vcc 
—0.4 


Notes: 


1. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). 
The frequency component typically is less than 2 mA/MHz, with OE at Vin. 





BeN 
nh 


s : 
eld] <i] $2} BPE 


2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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AC CHARACTERISTICS 
Read Only Operations Characteristics 


Parameter 
Symbols 
JEDEC | Standard | Description 


tGLav Output Enable to 
Output Delay 

tGHQZ | tDF Output Enable to Output 
High Z (Note 3, 4) 

tAXQXx tOH Output Hold Time From 
Addresses, CE or OE, 
Whichever Occurs First 














High Z (Note 3, 4) 













tReady RESET pin low to read 
mode 

tELFL CE to BYTE switching low or 

tELFH high 
















Notes 
1. Test Conditions: 2. Test Conditions: 3. Output driver disable time. 
Output Load: 1 TTL gate and 30 pF Output Load: 1 TTL gate and 100 pF 4. Not 100% tested. 
Input rise and fall times: 5 ns Input rise and fall times: 20 ns 
Input pulse levels: 0.0 V to 3.0 V Input pulse levels: 0.45 V to 2.4 V 
Timing measurement reference level Timing measurement reference level 
Input: 1.5 V Input: 0.8 and 2.0 V 
Output: 1.5 V Output: 0.8 and 2.0 V 
5.0 V 
IN3064 
or Equivalent & 2.7 kQ 
Device 
Under 
Test 
Diodes = IN3064 
or Equivalent 
Notes: 


For -70: Ci = 30 pF including jig capacitance 
For all others: C. = 100 pF including jig capacitance — a 18608A-14 


Figure 7. Test Conditions 
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AC CHARACTERISTICS 
Write/Erase/Program Operations 


ss 






ees Output Enable Read (2) 


tWHEH CE Hold Time 


tWHDX 





= 





n 
n 


tWLWH Write Pulse Width 
tWPH Write Pulse Width High 


tWHWL 


tWHWH1 Byte Programming Operation T 


tWHWH2] tWHWH2 Erase Operation 


a 

Voc Set Up Time (3) 

Voltage Transition Time (2, 3, 5 
Write Pulse Width (2) 

Write Pulse Width ( 


| 
=) 


20 
: 


p 


Bl 
< 
TO 


BBG 
5 


Mi 
Mi 

y 
Mi 
Mi 
Mi 


n 
n 
n 


Ha 
=) 


) 
| , 3, 5) 
: 
OE Setup Time to WE Active (2, 3, 5) 4 | 4 pa 





= 
=) 
nn 
© 
fo) 
ol 
oO 
Oo 
on 
© 
Oo 


tRP RESET Pulse Width 
BYTE Switching Low to Output High Z (3, 4) | Max 





Notes: 
1. This does not include the preprogramming time. 


2. These timings are for Sector Protect operation. 
3. Not 100% tested. 
4, Output Driver Disable Time 
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KEY TO SWITCHING WAVEFORMS 





AMD cl 


WAVEFORM INPUTS OUTPUTS 
Must Be Will Be 
Steady Steady 
May Will Be 
Change Changing 
from H to L from HtoL 
May Will Be 
Change Changing 
from Lto H from Lto H 
Don't Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High- 
Impedance 
“Off” State 
KS000010 
SWITCHING WAVEFORMS 
tRC 
Addresses ( Addresses Stable ) 
tacc 
CE 
(toF) 
OE r 
WE 
(tce) 
(toH) 
3 High Z : High 2 
Outputs Output Valid y 


18608A-15 


Figure 8. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


3rd Bus Cycle Data Polling 
mavones YE ssn em KXXKOX XC 
twe ie, tAH tRC 


tWPH 
iat 


rie 
oa (i) {60 ) —{ oar) — le } 


rp 
i 


Seren 


tbs 
tOH 
5.0 V 
Notes: ICE 
PA is address of the memory location to be programmed. 18608A-16 


PD is data to be programmed at byte address. . 
DQ7 is the output of the complement of the data written to the device. 
DouT is the output of the data written to the device. 

Figure indicates last two bus cycles of four bus cycle sequence. 
These waveforms are for the x16 mode. 


Na ®R WN 


Figure 9. Program Operation Timings 





tAH 
Addresses ( 5555H YX | 2AAAH 5555H 5555H 2AAAH 


tas 
rs 


tWPH 
tDH 


i 
1 rec Orcas OO pres 0 coronas We marae 
fa AAH 55H 80H AAH 55H 10H/30H 


Vcc YA tvcs : 18608A-17 


Notes: 
1. SAis the sector address for Sector Erase. Addresses = don't care for Chip Erase. 
2. These waveforms are for the x16 mode. 
Figure 10. AC Waveforms Chip/Sector Erase Operations . 


tGHWL 


= 
m 
er 
mae 


Data 
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SWITCHING WAVEFORMS 


CE 
OE 
= 
WE ICE 
High Z 
Valid Data bye 
tWHWH 1 or 2 
DQo-Das ee DQ0-DQ6=Invalid venir cies yy 
18608A-18 


*DQ7=Valid Data (The device has completed the Embedded operation). 


Figure 11. AC Waveforms for Data Polling During Embedded Algorithm Operations 


cE / \ 


tOEH 
WE 
tOES 
OE 
Data DQ6= DQ0—DQ7 
Hoe 
18608A-19 
Note: 


*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 12. AC Waveforms for Toggle Bit During Embedded Algorithm Operations 
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CE \ / 


The rising edge of the last WE signal 






Entire programming 
or erase operations 






RY/BY 
tBUSY 
18608A-20 


Figure 13. RY/BY Timing Diagram During Program/Erase Operations 


= \ — 


mar NYY 


RESET 


tR 


18608A-21 
—*———__ tReady 





Figure 14. RESET/RY/BY Timing Diagram 
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BYTE 


tELFL 


18608A-22 
Figure 15. BYTE Timing Diagram for Read Operation 


CE i. i ee 
—» The falling edge of the last WE signal 


| I 1 
{SET —e | 
(tas) tHOLD (tAH) 18608A-23 


Figure 16. BYTE Timing Diagram for Write Operations 
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Start 


|: 


Set Up Sector Addr 
(A16, A15, A14, 
A13, A12) 


PLSCNT = 1 










OE = Vip, A9 = Vip 
CE = Vit, RESET = VIH 


Activate WE Pulse 


Time Out 100 ps 


Increment Power Down OE 
PLSCNT WE = VIH 


CE = OE = VIL 
A9 should remain Vip 





Read from Sector 
Addr = SA, A1A0 = 10, 
A 


6=0 
No 
No Data 
= 01H 
4 
Yes | Yes 











Protect 
Another 
Sector? 


Device 
Failed 


No 


Remove Vip from A9 
Write Reset Command 


Sector Protection 
Complete 


18608A-24 


Figure 17. Sector Protection Algorithm 
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SWITCHING WAVEFORMS 





A16, A15, 
A14, A13, SAx SAy 
A12 
12V ------------- -- 
se eed al 
OE 
tVLHT 
we | NT 
toeSsP 
CE 
oo eH) 
| toe 
SAx = Sector Address for initial sector 
SAy = Sector Address for next sector 18608A-25 


Figure 18. AC Waveforms for Sector Protection 


Am29F200T/Am29F200B 1-73 


£4 amo PRELIMINARY 


Start 


Protect All Sectors 


PLSCNT = 1 


Set OE = A9 = Vip 


CE = Vit, RESET = VIH 
A6 = 1, A1A0 = 10 





Increment 
PLSCNT 


AQ = Vip 
Set Up Sector Addr SAO 


Read Data 
from Device 








No 







No PLSCNT 


= 1000 
? 


Increment 
Sector Addr 


Yes 


Device 
Failed 





Sector 
Addr = SA6 
? 


Yes 
. Remove Vip 
Notes: from AQ 
SAO = Sector Address for initial sector 
SA6 = Sector Address for last sector 18608A-26 


Sector Unprotect 
Complete 


Please refer to Table 4.1 for details. 





Figure 19. Sector Unprotect Algorithm 
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SWITCHING WAVEFORMS 


3 § 





tVLHT 





eee on aa 


Execute Auto Select 


Command Sequence 18608A-27 


Figure 20. AC Waveforms for Sector Unprotect 


Am29F200T/Am29F200B 1-75 


_’ 


£4 amo PRELIMINARY 


AC CHARACTERISTICS 


Write/Erase/Program Operations 
Alternate CE Controlled Writes 


Parameter Symbols 
JEDEC Description -70 






s | 
t 
Ties 
t 

t 

t 


Cc 
Ss 
H 
DS 
tEHDX Data Hold Time 
S 
H 
P 
RP 


tELAX 


toES Output Enable Setup Time 


rm 
; ie 
: oe 
Ce 
ie 
ie 
=| teat 

og Baa | wn | 
ia [reed Rocver ne Boorewe | Min 
ie 
Pe 


tWHWH1 | tWHWH1 Byte Programming Operation Typ / 16 | 16 | 16 | 16 | us 


tWHWH2 | tWHWH2 Erase Operation (1) Typ Laer as: le ae) fe dee sec 
Max 


tEHEL . 








BYTE Switching Low to Output High Z (3, 4) 
Program/Erase Valid to RD/BY Delay (4) 
Notes: 


1. This does not include the preprogramming time. 





2. These timings are for Sector Protect/Unprotect operations. 
3. This timing is only for Sector Unprotect. 
4. Not 100% tested. 
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Data Polling 








Addresses i 


5555H 





tWHWH1 


= 
| 
oa (lak (=) {05 Kenn) 


tos 


18608A-28 


Seren 


Notes: 

1. PA is address of the memory location to be programmed. 

PD is data to be programmed at byte address. | 

DQ7 is the output of the complement of the data written to the device. 
Dout is the output of the data written to the device. 


Figure indicates last two bus cycles of four bus cycle sequence. 


an KR WN 


These waveforms are for the x16 mode. 


Figure 21. Alternate CE Controlled Program Operation Timings 
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ERASE AND PROGRAMMING PERFORMANCE 


Parameter | min | typ [| Max | _unit_| comments 
Chip and Sector Erase Time 1.5 30 sec Excludes 00H programming 
(Note 1) prior to erasure 
Byte Programming Time 1000 us Excludes system-level overhead 
(Note 2) 


16 
Chip Programming Time 8.5 Ss Excludes system-level overhead 
(Note 1) 


Notes: 
1. 25°C, 5 V Vec, 100,000 cycles | 
2. The Embedded Algorithms allow for 48 ms byte program time. 












LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all I/O pins 
-100 mA +100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin ata time. 













TSOP PIN CAPACITANCE | 


Symbol Parameter Description Test Setup Typ 
[on [ret cenecnes wero 
Control Pin Capacitance 


Notes: 
1. Sampled, not 100% tested. 


2. Test conditions TA = 25°C, f = 1.0 MHz 











SO PIN CAPACITANCE a 


ee 
Symbol Parameter Description Test Setup | Typ 
a 
[ene [cowsirncipnanne | wreo 


Notes: 
1. Sampled, not 100% tested. 


2. Test conditions Ta = 25°C, f = 1.0 MHz 
























DATA RETENTION 


Test Conditions | Min | Unit 
Minimum Pattern Data Retention Time 150°C 
125°C 
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Am29F040 


4 Megabit (524,288 x 8-Bit) CMOS 5.0 Volt-only, 


sector Erase Flash Memory 


DISTINCTIVE CHARACTERISTICS 
mM 5.0V+10% read, write, and erase 
— Minimizes system level power requirements 
@ Compatible with JEDEC-standard commands 
—- Uses same software commands as E*PROMs 
@ Compatible with JEDEC-standard byte-wide 
pinouts 
— 32-pin PLCC/LCC 
— 32-pin TSOP 
— 32-pin DIP 
@ Minimum 100,000 write/erase cycles 
@ High performance 
— 70ns maximum access time 
M@ Sector erase architecture 
— 8 equal size sectors of 64K bytes each 
— Any combination of sectors can be concurrently 
erased. Also supports full chip erase. 
— Embedded Erase Algorithms 


— Automatically pre-programs and erases the 
chip or any sector 


GENERAL DESCRIPTION 


The Am29F 040 is a 4 Mbit, 5.0 V-only Flash memory or- 
ganized as 512K bytes of 8 bits each. The Am29F 040 is 
Offered in a 32-pin package. This device is designed 
to be programmed in-system with the standard system 
5.0 V Vcc supply. A 12.0 V Vpp is not required for 
write or erase operations. The device can also be 
reprogrammed in standard EPROM programmers. 


The standard Am29F040 offers access times between 
70 ns and 150 ns, allowing operation of high-speed 
microprocessors without wait states. To eliminate bus 


contention the device has separate chip enable (CE), 


— 


write enable (WE) and output enable (OE) controls. 


The Am29F040 is entirely pin and command set com- 
patible with JEDEC standard 4 Mbit E?PROMs. 


PRODUCT SELECTOR GUIDE 





Voc =5.0V45% 
Vcc = 5.0 V+ 10% 


Ordering Part No: 


CE (E) Access (ns) 
OE (G) Access (ns) 





Family Part No: Am29F040 
ee a es ee 
Max Access Time (ns) ee 
[mo | 9 | 1 | 150 
a a ee ee ee 
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al 


Advanced 
Micro 
Devices 


@ Embedded Program Algorithms 
— Automatically writes and verifies data at 
specified address 


M Data Polling and Toggle Bit feature for detec- 
tion of program or erase cycle completion 


m@ Low power consumption 


— 20 mA typical active read current 
— 30 mA typical write/erase current 
— 25 uA typical standby current 

B Low Vcc write inhibit < 3.2 V 

@ Sector protection 


— Hardware method disables any combination of 
sectors from write or erase operations 


lf Suspend Erase/Resume 


— Suspend the erase operation to allow a read 
data in another sector within the same device 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 
cycles also internally latch addresses and data needed 
for the programming and erase operations. Reading 
data out of the device is similar to reading from 12.0 V 
Flash or EPROM devices. 


The Am29F040 is programmed by executing the pro- 
gram command sequence. This will invoke the Embed- 
ded Program Algorithm which ts an internal algorithm 
that automatically times the program pulse widths and 
verifies proper cell margin. Typically, each sectorcanbe 
programmed and verified in less than one 
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second. Erase is accomplished by executing the erase 
command sequence. This will invoke the Embedded 
Erase Algorithm which is an internal algorithm that auto- 
matically preprograms the array if it is not already 
programmed before executing the erase operation. 
During erase, the device automatically times the erase 
pulse widths and verifies proper cell margin. 


The entire chip or any individual sector is typically 
erased and verified in 1.5 seconds (if already completely 
preprogrammed). 


This device also features a sector erase architecture. 
The sector mode allows for 64K byte blocks of memory 
to be erased and reprogrammed without affecting 
other blocks. The Am29F040 is erased when shipped 
from the factory. 


The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vcc detector automatically 
inhibits write operations on the loss of power. The end of 
program or erase is detected by Data Polling of DQ7 or 
by the Toggle Bit feature on DQ6. Once the endofa pro- 
gram or erase cycle has been completed, the device 
internally resets to the read mode. 


AMD's Flash technology combines years of EPROM 
and E°PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
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Am29F040 memory electrically erases the entire chip or 
all bits within a sector simultaneously via Fowler- 
Nordhiem tunneling. The bytes are programmed one 
byte at a time using the EPROM programming mecha- 
nism of hot electron injection. 

Flexible Sector-Erase Architecture 


m 64K Bytes per sector 


w Individual-sector, multiple-sector, or bulk-erase 
Capability 

m = Individual or multiple-sector protection is user 
definable 
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CONNECTION DIAGRAMS 
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Table 1. Am29F040 Pin Configuration 


|Funetion 
CE 












DQ0-DQ7 







Device Power Supply 
(5.0 V+ 10% or + 5%) 





17113C-7 





1-82 5.0 Volt-only, Sector Erase Flash Memories 


PRELIMINARY AMD &\ 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


AM29F040 -75 J Cc) OB 
er OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


TEMPERATURE RANGE . 

C = Commercial (0°C to +70°C) 
| = Industrial (-40°C to +85°C) 
E = Extended (-55°C to +125°C) 


PACKAGE TYPE 

P = 32-Pin Plastic DIP (PD 032) 

J = 32-Pin Rectangular Plastic Leaded Chip 
Carrier (PL 032) 

E = 32-Pin Thin Small Outline Package 
(TSOP) Standard Pinout (TS 032) 

F = 32-Pin Thin Small Outline Package ~ 
(TSOP) Reverse Pinout (TSR 032) 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 

Am29F040 | 

4 Megabit (512K x 8-Bit) CMOS Flash Memory 
5.0 V Program and Erase 

64K Byte Sectors 






Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 


Valid Combinations 
AM29F040-75 JC, EC, FC 


AM29F040-90 | DE, DEB, LE, LEB, 
AM29F040-120 | PC. Pl, JC. Jl, PCB, 


PIB, JCB, JIB, PE, 
AM29F040-150 | PEB, JE, JEB, EC, 
El, FC, Fi, EE, EEB, 


FE, FEB 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense maw are available in several packages and operating ranges. APL (Approved 


Products List) products are fully compliant wit 


MIL-STD-883 requirements. The order number (Valid Combination) is formed by 


a combination of: 


AM29F040 -90 /B X . A 


Le LEAD FINISH 


A = Hot Solder Dip 


PACKAGE TYPE 

X = 32-Pin Ceramic DIP (CD 032) 

U = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLR 032) 


DEVICE CLASS 
/B= Class B ° 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 

Am29F040 

4 Megabit (512K x 8-Bit) CMOS Flash Memory 
5.0 V Program and Erase 

64K Byte Sectors 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of | 
specific valid combinations and or to check on 
newly released combinations. 


Valid Combinations 


AM29F040-90 
AM29F040-120 
AM29F040-150 








/BXA, /BUA 


Group A Tests 


Group A tests consist of Subgroups 
1, 2,3, 7, 8, 9, 10, 11. 
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Table 2. Am29F040 User Bus Operations 






a 
[= 


Enable Sector Protect 
Verify Sector Protect (3) 


Legend: 










int 


<= 


pbb 
-|>|--P 
f=] 
eH 
Oo 









L = Vit, H= Vin, X = Don't Care. See DC Characteristics for voltage levels. 


Notes: 


1. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Tables 3 and 4. 


2. Refer to Table 4 for valid Din during a write operation. 
3. Refer to the section on Sector Protection 
4 


WE can be Vit if OE is Vi, OE at Vin initiates the write operations. 





Read Mode 


The Am29F040 has two control functions which must be 
satisfied in order to obtain data at the outputs. CE is the 
power control and should be used for device selection. 
OE ts the output control and should be used to gate data 
to the output pins if a device is selected. 


Address access time (tacc) is equal to the delay from 
Stable addresses to valid output data. The chip enable 
access time (tce) is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable for at least tacc—toe time). 


Standby Mode 


The Am29F040 has two standby modes, a CMOS 
standby mode (CE input held at Vcc + 0.5 V), whenthe 
current consumed is less than 100 uA; and a TTL 
standby mode (CE is held at Vin) when the current 
required is reduced to approximately 1 mA. In the 
standby mode the outputs are in a high impedance 
state, independent of the OE input. 

If the device is deselected during erasure or program- 


ming, the device will draw active current until the opera- 
tion is completed. 


Output Disable 


With the OE input at a logic high level (Vin), output from 
the device is disabled. This will cause the output pins to 
be in a high impedance state. 


Autoselect 


The autoselect mode allows the reading out of a binary 
code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 


‘the device to be programmed with its corresponding 


programming algorithm. This mode is functional over 
the entire temperature range of the device. 


To activate this mode, the programming equipment 
must force Vin(11.5 V to 12.5 V) on address pin A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All ad- 
dresses are don't cares except AO, A1, and A6. 


The manufacturer and device codes may also be read 
via the command register, for instances when the 
AM29F040 is erased or programmed in a system with- 
out access to high voltage on the A9 pin. The command 
sequence is illustrated in Table 5 (refer to Autoselect 
Command section). 


Byte 0 (AO = Vi_) represents the manufacture’s code 
(AMD=01H) and byte 1 (AO = Vin) the device identifier 
code (Am29F040=A4H). These two bytes are given in 
the table below. All identifiers for manufactures and de- 
vice will exhibit odd parity with the MSB (DQ7) defined 
as the parity bit. In order to readthe proper device codes 
when executing the autoselect, A1 must be Vi (see 
Table 3). 
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“Outputs 01H at protected sector addresses 


Table 4. Sector Address Tables 
[Tate [air [aie | Adaress Range 
0 e) 0 00000h--OFFFFh 
10000h—1FFFFh 
20000h-2FFFFh 
30000h-3FFFFh 


40000h-4FFFFh 


SO000h—-SFFFFh 
60000h—6FFFFh 


70000h-7FFFFh 





Write 


Device erasure and programming are accomplished via 
the command register. The contents of the register 
serve as inputs to the internal state machine. The state 
machine outputs dictate the function of the device. 


The command register itself does not occupy any ad- 
dressable memory location. The register is a latch used 
to store the commands, along with the address and data 
information needed to execute the command. The com- 
mand register is written by bringing WE to Vit, while CE 
is at Vi and OE is at Vin. Addresses are latched on the 
falling edge of WE or CE, whichever happens later; 
while data is latched on the rising edge of WE or CE, 
_ whichever happens first. Standard microprocessor write 
timings are used. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Sector Protection 


The Am29F040 features hardware sector protection. 
This feature will disable both program and erase opera- 
tions in any number of sectors (0 through 8). The sector 
protect feature is enabled using programming 


equipment at the user's site. The device is shipped with 
all sectors unprotected. Alternatively, AMD may pro- 
gram and protect sectors in the factory prior to shipping 
the device (AMD’s ExpressFlash™ Service). 


To activate this mode, the programming equipment 
must force Vio on address pin AQ and control pin OE, 
(suggest Vin = 11 V) and CE = Vin. The sector addresses 
(A18, A17, and A16) should be set to the sector to be 
protected. Table 4 defines the sector address for eachof 
the eight (8) individual sectors. Programming of the 
protection circuitry begins on the falling edge of the WE 
pulse and is terminated with the rising edge of the same. 
Sector addresses must be held constant during the 
WE pulse. 


To verify programming of the protection circuitry, the 
programming equipment must force Vin on address pin 
AQ with CE and OE at Vi. and WE at Vin. Scanning the 
sector addresses (A16, A17, and A18) while (A6, A1, 
AO) = (0, 1, 0) will produce a logical “1” code at device 
output DQ0 for a protected sector. Otherwise the device 
will read OOH for unprotected sector. In this mode, the 
lower order addresses, except for AO, A1, and A6 are 
don’t care. Address locations with Ai = Vic are reserved 
for Autoselect manufacturer and device codes. 


It is also possible to determine if a sector is protected in 
the system by writing an Autoselect command. Perform- 
ing a read operation at the address location XX02H, 
where the higher order addresses (A16, A17, and A18) 
are the sector address will produce a logical “1” at DQ0 
for a protected sector. See Table 3 for Autoselect codes. 


Command Definitions 


Device operations are selected by writing specific ad- 
dress and data sequences into the command register. 
Writing incorrect address and data values or writing 
them in the improper sequence will reset the device to 
read mode. Table 5 defines the valid register command 
sequences. Note that the Erase Suspend (BO) and 
Erase Resume (30) commands are valid only while the 
Sector Erase operation is in progress. Either of the two 
reset commands will reset the device (when applicable). 
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Table 5. Am29F040 Command Definitions 











Command 
Sequence 
Read/Reset 








Adar [Data 





Read/Reset 
Read/Reset 
Autoselect | 
Byte Program 


Chip Erase | 


Sector Erase 


Sector Erase Suspend 






Sector Erase Resume 


Notes: 


FirstBus | Second Bus | Third Bus 
Write Cycle | Write Cycle | Write Cycle 
Se 0 

4 


or 
«| 5555] antennas] | sss | 

[<] 555 an fenan 558]ssn aon | PA 
[a [sss ann annant[ sf sssn [oon [ soon | aan [eanan ssa | sa 


Erase can be suspended during sector erase with Addr (don't care), Data (BOH) 


Erase can be resumed after suspend with Addr (don't care), Data (30H) 





Fourth Bus ; : 
Read/Write Fifth Bus Sixth Bus 
Cycle Write Cycle | Write Cycle 


<I 


0 
30H 









1. Address bits A15, A16, A17, and A18 = X = Don't Care. Write Sequences may be initiated with A15 in either state. 
Address bits A15,A16, A17, andA18 =X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA). 


2. 
3. Bus operations are defined in Table 2. 
4. RA = Address of the memory location to be read. 


PA = Address of the memory location to be programmed. Addresses are latched on the falling edge of the WE pulse. 
SA = Adaress of the sector to be erased. The combination of A18, A17, A16 will uniquely select any sector. 


5. RD = Data read from location RA during read operation. 


PD = Data to be programmed at location PA. Data is latched on the falling edge of WE. 


Read/Reset Command 


The read or reset operation is initiated by writing the 
read/reset command sequence into the command reg- 
ister. Microprocessor read cycles retrieve array data 
fromthe memory. The device remains enabled for reads 
until the command register contents are altered. 


The device will automatically power-up in the read/reset 
state. In this case, acommand sequence is not required 
to read data. Standard microprocessor read cycles will 
retrieve array data. This default value ensures that no 
spurious alteration of the memory content occurs during 
the power transition. Refer to the AC Read Characteris- 
tics and Waveforms for the specific timing parameters. 


Autoselect Command 


Flash memories are intended for use in applications 
where the local CPU alters memory contents. As such, 
manufacture and device codes must be accessible 
while the device resides in the target system. PROM 
programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto the address lines is not generally desired 
system design practice. 


The device contains acommand autoselect operationto — 


supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing the autoselect 
command sequence into the command register. Follow- 
ing the command write, a read cycle from address 
XXOOH retrieves the manufacture code of 01H. A read 
cycle from address XX01H returns the device code A4H 
(see Table 3). All manufacturer and device codes will 
exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


Scanning the sector addresses (A16, A17, A18) while 
(A6, A1, AO) = (0, 1, 0) will produce a logical “1” at device 
output DQO for a protected sector. 


To terminate the operation, it is necessary to write the 
read/reset command sequence into the register. 


Byte Programming 


The device is programmed on a byte-by-byte basis. 
Programming is a four bus cycle operation. There are 
two “unlock” write cycles. These are followed by the 
program set-up command and data write cycles. 
Addresses are latched on the falling edge of CE or WE, 
whichever happens later and the data is latched on the 
rising edge of CE or WE, whichever happens first. The 
rising edge of CE or WE (whichever happens first) 
begins programming. Upon executing the Embedded | 
Program Algorithm command sequence the system is 
not required to provide further controls or timings. The 
device will automatically provide adequate internally 
generated program pulses and verify the programmed 
cell margin. 


The automatic programming operation is completed 
when the data on DQ7 is equivalent to data written to 
this bit (see Write Operation Status section) at which 
time the device returns to the read mode and addresses 
are no longer latched. Therefore, the device requires 
that a valid address to the device be supplied by the sys- 
tem at this particular instance of time. Hence, Data Poll- 
ing must be performed at the memory location which is 
being programmed. 


Any commands written to the chip during this period will 


. be ignored. 
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Programming is allowed in any sequence and across 
sector boundaries. Beware that a data “0” cannot be 
programmed back to a “1”. Attempting to do so will prob- 
ably hang up the device (exceed timing limits), or per- 
haps result in an apparent success according to the data 
polling algorithm but a read from reset/read mode will 
show that the data is still “O”. Only erase operations can 
convert “0"s to “1”s. 


Figure 1 illustrates the Embedded Programming 
Algorithm using typical command strings and bus 
operations. 


Chip Erase 


Chip erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the chip erase command. 


Chip erase does notrequire the user to program the de- 
vice prior to erase. Upon executing the Embedded 
Erase™ Algorithm command sequence the device auto- 
matically will program and verify the entire memory for 
an all zero data pattern prior to electrical erase. The sys- 
tem is not required to provide any controls or timings 
during these operations. 


The automatic erase begins onthe rising edge of the last 
WE pulse in the command sequence and terminates 
when the data on DQ7 is “1” (see Write Operation Status 


section) at which time the device returns to read © 


the mode. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Sector Erase 


Sector erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the sector erase command. The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(data) is latched onthe rising edge of WE. A time-out of 
80 ps from the rising edge of the last sector erase com- 
mand will initiate the sector erase command(s). Please 
note: Do not attempt to write an invalid command se- 
quence during the sector erase operation. Otherwise, it 
will terminate the sector erase operation and the device 
will reset back into the read mode. 


Multiple sectors may be erased concurrently by writing 
the six bus cycle operations as described above. This 
sequence is followed with writes of the Sector Erase 
command to addresses in other sectors desired to be 
concurrently erased. The time between writes must be 
less than 80 us, otherwise that command will not be ac- 
cepted. It is recommended that processor interrupts be 
disabled during this time to guarantee this condition. 
The interrupts can be re-enabled after the last Sector 
Erase command is written. A time-out of 80 1s from the 
rising edge of the last WE willinitiate the execution of the 
Sector Erase command(s). If another falling edge of the 
WE occurs within the 80 us time-out window the timer is 
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reset. (Monitor DQ3 to determine if the sector erase win- 
dow is still open, see section DQ3, Sector Erase Timer.) 
Any command other than Sector Erase or Erase Sus- 
pend during this period and afterwards will reset the de- 
vice to read mode, ignoring the previous command 
string. Resetting the device after it has begun execution 
will result in fhe data of the operated sectors being unde- 
fined (messed up). In that case, restart the erase on 
those sectors and allow them to complete. (Refer to the 
Write Operation Status section for Sector Erase Timer 
operation.) Loading the sector erase buffer may be done 
in any sequence and with any number of sectors (1 to 8). 


Sector erase does not require the user to program the 
device prior to erase. The device automatically pro- 
grams all memory locations in the sector(s) to be erased 
prior to electrical erase. When erasing a sector or sec- 
tors the remaining unselected sectors are not affected. 
The system is not required to provide any controls or 
timings during these operations. 


The automatic sector erase begins after the 100 1s time 
out from the rising edge of the WE pulse for the last sec- 
tor erase command pulse and terminates when the data 
on DQ7 is “1” (see Write Operation Status section) at 
which time the device returns to read mode. During the 
execution of the Sector Erase command, only the Erase 
Suspend and Erase Resume commands are allowed. 
All other commands will reset the device to read mode. 


Data polling must be performed at an address within any 


of the sectors being erased. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Erase Suspend 


Erase Suspend command allows the user to interrupt 
the chip and then do data reads (not program) from a 
non-busy sector while it is in the middle of a Sector 
Erase operation (which may take up to several sec- 
onds). This command is applicable ONLY during the 
Sector Erase operation and will be ignored if written dur- 
ing the chip Erase or Programming operation. The 
Erase Suspend command (BO) will be allowed only dur- 
ing the Sector Erase Operation that will include the sec- 
tor erase time-out period after the Sector Erase 
commands (30). Writing this command during the time- 
out will result in immediate termination of the time-out 
period. Any subsequent writes of the Sector Erase com- 
mand will be taken as the Erase Resume command. 
Note that any other commands during the time out will 
reset the device to read mode. The addresses are don't- 
cares in writing the erase Suspend or Erase Resume 
commands. 


When the Erase Suspend command is written during a 
Sector Erase operation, the chip will take between 
0.1 ps to 15 ss to Suspend the erase operation and go 
into erase suspended read mode (pseudo-read mode), 
during which the user can read froma sector that is NOT 
being erased. Aread from a sector being erased may re- 
sult in invalid data. The user must monitor the toggle bit 
to determine if the chip has entered the pseudo-read 
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mode, at which time the toggle bit stops toggling. An 
address of a sector NOT being erased must be used to 
read the toggle bit, otherwise the user may encounter in- 
termittent problems. Note that the user must keep track 
of what state the chip is in since there is no external indi- 
cation of whether the chip is in pseudo-read mode or ac- 
tual read mode. After the user writes the Erase Suspend 
command and waits until the toggle bit stops toggling, 
data reads from the device may then be performed. Any 
further writes of the Erase Suspend command at this 
time will be ignored. 


Every time an Erase Suspend command followed by an 
Erase Resume command is written, the internal (pulse) 
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counters are reset. These counters are used to count 
the number of high voltage pulses the memory cell 
requires to program or erase. If the count exceeds a 
certain limit, then the DQ5 bit willbe set (Exceeded Time 
Limit flag). This resetting of the counters is necessary 
since the Erase Suspend command can potentially 
interrupt or disrupt the high voltage pulses. 


To resume the operation of Sector Erase, the Resume 
command (30) should be written. Any further writes of 
the Resume command at this point will be ignore. 
Another Erase Suspend command can be written after 
the chip has resumed. 





Write Operation Status 


Table 6. Hardware Sequence Flags 


In Progress 


[saws ——————~* oar [oas [ 00s | pas] pazo0. 
| Auto-Programming | G7 [Toggle] 0 | 0 _| ©) 


eae ee 
[Prosramfiase nutcase | 0 [Teepe] +] 1 


Note: DQ0, DQ1, and DQ2 are reserve pins for future use. DQ4 is for AMD internal use only. 


Exceeded 
Time Limits 








DQ7 
Data Polling 


The Am29F040 device features Data Polling as a 
method to indicate to the host that the Embedded Algo- 
rithms are in progress or completed. During the Embed- 
ded Program Algorithm an attempt to read the device 
will produce the compliment of the data last written to 
~ DQ7. Upon completion of the Embedded Program Algo- 
rithm, an attempt to read the device will produce the true 
data last written to DQ7. During the Embedded Erase 
Algorithm, an attempt to read the device will produce a 
“0” at the DQ7 output. Upon completion of the Embea- 
ded Erase Algorithm an attempt to read the device will 
produce a “1” at the DQ7 output. The flowchart for Data 
Polling (DQ7) is shown in Figure 3. 


For chip erase, the Data Polling is valid after the rising 
edge of the sixth WE pulse in the six write pulse se- 
quence. For sector erase, the Data Polling is valid after 
the last rising edge of the sector erase WE pulse. Data 
Polling must be performed at sector address within any 
of the sectors being erased and not a protected sector. 
Otherwise, the status may not be valid. Once the Em- 
bedded Algorithm operation is close to being com- 
pleted, the Am29F040 data pins (DQ7) may change 
asynchronously while the output enable (OE) is as- 
serted low. This means that the device is driving status 
information on DQ7 at one instant of time and then that 
byte’s valid data at the next instant of time. Depending 
on when the system samples the DQ7 output, it may 
read the status or valid data. Even if the device has com- 
pleted the Embedded Algorithm operation and DQ7 has 
a valid data, the data outputs on DQ0~DQ6 may be still 





invalid, The valid data on DQ0—DQ7 will be read on the 
successive read attempts. 


The Data Polling feature is only active during the Em- 
bedded Programming Algorithm, Embedded Erase AlI- 
gorithm, or sector erase time-out (See Table 6). 


See Figure 11 for the Data Polling timing specifications 
and diagrams. 


DQ6 
Toggle Bit 


The Am29F040 also features the “Toggle Bit” as a 
method to indicate to the host system that the Embed- 
ded Algorithms are in progress or completed. 


During an Embedded Program or Erase Algorithm cy- 
cle, successive attempts to read (OE toggling) data from 
the device will result in DQ6 toggling between one and 
zero. Once the Embedded Program or Erase Algorithm 
cycle is completed, DQ6 will stop toggling and valid data 
will be read on the next successive attempts. During 
programming, the Toggle Bit is valid after the rising edge 
of the fourth WE pulse in the four write pulse sequence. 
For chip erase, the Toggle Bit is valid after the rising 
edge of the sixth WE pulse in the six write pulse se- 
quence. For Sector erase, the Toggle Bit is valid after 
the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 


In programming, if the sector being written to is pro- 
tected, the toggle bit will toggle for about 2 us and then 
stop toggling without the data having changed. In erase, 
the device will erase all the selected sectors except for 
the ones that are protected. If all selected sectors are 
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protected, the chip will toggle the toggle bit for about 100 
us andthen drop back into read mode, having changed 
none of the data. 


Either CE or OE toggling will cause the DQ6 to toggle. 


See Figure 12 for the Toggle Bit timing specifications 
and diagrams. 


DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits (internal pulse count). Under 
these conditions DQ5 will produce a “1”. This is a failure 
condition which indicates that the program or erase cy- 
cle was not successfully completed. Data Polling is the 
only operating function of the device under this condi- 
tion. The CE circuit will partially power down the device 
under these conditions (to approximately 2 mA). The OE 
and WE pins will control the output disable functions as 
described in Table 2. 


If this failure condition occurs during sector erase opera- 
tion, it specifies that a particular sector is bad and it may 
not be reused, however, other sectors are still functional 
and may be used for the program or erase operation. 


The device must be reset to use other sectors. Write the | 


Reset command sequence to the device, and then exe- 
cute program or erase command sequence. This allows 
the system to continue to use the other active sectors in 
the device. 


If this failure condition occurs during the chip erase op- 
eration, it specifies that the entire chip is bad or combi- 
nation of sectors are bad. 


If this fatlure condition occurs during the byte program- 
ming operation, it specifies that the entire sector con- 
taining that byte is bad and this sector may not be 
reused, (other sectors are still functional and can 
be reused). 


The DQ5 failure condition may also appear if auser tries 
to program a non biank location without erasing. In this 
case the device locks out and never completes the 
Embedded Algorithm operation. Hence, the system 
never reads a valid data on DQ7 bit and DQ6 never 
stops toggling. Once the device has exceeded timing 
limits, the DQ5 bit will indicate a “1.” Please note that this 
is not a device failure condition since the device was 
incorrectly used. 


DQ3 
Sector Erase Timer 


After the completion of the initial sector erase command 
sequence the sector erase time-out will begin. DQ3 will 
remain low until the time-out is complete. Data Polling 
and Toggle Bit are valid after the initial sector erase 
command sequence. 


lf Data Polling or the Toggle Bit indicates the device has 
been written with a valid erase command, DQ3 may be 
used to determine if the sector erase timer window is still 
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open. If DQ3 is high (“1”) the internally controlled erase 
cycle has begun; attempts to write subsequent com- 
mands to the device will be ignored until the erase 
operation is completed as indicated by Data Polling or 
Toggle Bit. If DQ3 is low (“0”), the device will accept ad- 
ditional sector erase commands. To insure the com- 
mand has been accepted, the system software should 
check the status of DQ3 prior to and following each sub- 
sequent sector erase command. If DQ3 were high on 
the second status check, the command may not have 
been accepted. 


Refer to Table 6: Hardware Sequence Flags. 
Data Protection : 


The Am29F040 is designed to offer protection against 
accidental erasure or programming caused by spurious 
system level signals that may exist during power transi- 
tions. During power up the device automatically resets 
the internal state machine inthe Read mode. Also, with 
its control register architecture, alteration of the memory 
contents only occurs after successful completion of spe- 
cific multi-bus cycle command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting form Vcc 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vec < Vixo, the command 
register is disabled and all internal progranVerase cir- 
cuits are disabled. Under this condition the device will 
reset to the read mode. Subsequent writes will be ig- 
nored until the Vcc level is greater than Viko. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 5 ns (typical) on OE, CE or WE 
will not initiate a write cycle. 


Logical Inhibit 

Writing is inhibited by holding any one of OF = Vi, 
CE = Vinor WE = Vin. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vicand OE = Vin 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 


Sector Protect 


Sectors of the AM29F040 may be hardware protected at 
the users factory. The protection circuitry will disable 
both program and erase functions for the protected 
sector(s). Requests to program or erase a protected 
sector will be ignored by the device. 


1-90 | 5.0 Volt-only, Sector Erase Flash Memories 


PRELIMINARY amp &h 





EMBEDDED ALGORITHMS 






Write Program Command Sequence 
(see below) 


Data Poll! Device 


Last Address 


? 
Yes 


Programming Completed 









Increment Address 













Program Command Sequence (Address/Command): 


Figure 1. Embedded Programming Algorithm 








17113C-8 








Table 7. Embedded Programming Algorithm 


Standby (Note 1) 


Write Valid Address/Data Sequence 


Read ra Data Polling to Verify Programming 
Standby (Note 1) Pe ee Compare Data Output to Data Expected 


Note: Device is either powered-down, erase inhibit or program inhibit. 
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EMBEDDED ALGORITHMS 





Write Erase Command Sequence 
(see below) 
Data Polling or Toggle Bit 
Successfully Completed 


Erasure Completed 






Chip Erase Command Sequence Individual Sector/Multiple Sector 
(Address/Command): Erase Command Sequence 
(Address/Command): 






Sector Address/30H Ruaionelescior 


° erase commands 
e 


are optional 
Sector Address/30H 


Figure 2. Embedded Erase Algorithm 
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Table 8. Embedded Programming Algorithm 


Psenty SiS 
a 


Pres SCSC~iSSC 
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VA = Byte address for programming 

= Any of the sector addresses within the 
sector being erased during sector erase 
operation 

= XXXXH during chip erase 









Read Byte 
(DQ0-DQ7) 
Addr=VA 





Read Byte 
(DQ0-DQ7) 
Addr=VA 


17113C-10 


Note: DQ7 is rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DOS. 


Figure 3. Data Polling Algorithm 
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VA = Byte address for programming 


Read Byte = any of the sector addresses within the 


eit sector being erased during sector erase 
operation 
= XXXXH during chip erase 


DQ6=Toggle 
Ke 





Read Byte 
(DQ0-DQ7) 
Addr=VA 


17113C-11 


Yes 


DQ6 is rechecked even if DQ5 = “1" because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Note: 


Figure 4. Toggle Bit Algorithm 






20 ns 20 ns 
TN KYXY\ 4 
-sv LVVVA\ [\I\I\/\ENEN 
-2.0 V 
17113C-12 
20 ns 
Figure 5. Maximum Negative Overshoot Waveform 
20 ns 
Veco + 2.0 V 
Veco + 0.5 V 
2.0 V 
20 ns 20 ns 17113C-13 


Figure 6. Maximum Positive Overshoot Waveform 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 


Ceramic Packages ..... Lsaneees —65°C to +150°C 
- Plastic Packages ............... —65°C to +125°C 

Ambient Temperature 

with Power Applied ............. —55°C to +125°C 

Voltage with Respect to Ground 

All pins except AQ (Note 1) ....... -2.0Vto+/7.0V 

Voc (Note 1) o.oo... ee, -—2.0Vto+7.0V 

AS INOWG 2) ini:3 ok ncleeca ian aa kes —2.0Vto+14.0V 

Output Short Circuit Current (Note 3) ...... 200 mA 

Notes: 


1. Minimum DC voltage on input or /O pins is -0.5 V. During 
voltage transitions, inputs may undershoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and I/O pins is Vec + 0.5 V. During voltage transitions, out- 
puts may overshoot to Vcc + 2.0 V for periods up to 20ns. 

2. Minimum DC input voltage on A9 pin is —0.5 V. During volt- 
age transitions, A9 may undershoot V to —2.0 V for periods 
of up to 20. ns. Maximum DC input voltage on AG is +13.5 V 
which may overshoot to 14.0 Vss for periods up to 20 ns. 

3. No more than one output shorted at atime. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


AMD Ll 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
Industrial (I) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices | 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vec for Am29F040-75.......... +4.75 V to +5.25 V 
Vcc for Am29F040 | 

90120; 150: eo rxa os he eae +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS 
TTL/NMOS Compatible 


Parameter 
Symbol Parameter Description Test Conditions 


Input Load Current Vin = Vssto Vcc, Vcc = Vcc Max as 
AQ Input Load Current Vcc = Vcc Max, A9 = 12.5 V it 
Output Leakage Current VouT = Vssto Vcc, Vcc = Vcc Max Pf to | pA | 













Input High Level 2.0 Vec 
+ 0.5 


1. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). 
The frequency component typically is less than 2 mMA/MHz, with OE at Vin. 


2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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DC CHARACTERISTICS (continued) 
CMOS Compatible | 


Parameter Description Test Conditions 
Iu Input Load Current Vin = Vssto Voc, Vcc = Vcc Max 
[Lit AQ Input Load Current Vcc = Vcc Max, A9 = 12.5 V 
ILo Output leakage Current Vout = Vss to Vcc, Vcc = Vcc Max 










Parameter 
Symbol 









= fa 










Icc1 Vcc Active Current (Note 1) CE = Vit, OE = VIH [4 
Icc2 Vcc Active Current (Notes 2, 3) CE = Vit, OE = VIH Ed 
Vit Input Low Level re 






Icc3 Vcc Standby Current Vcc = Vcc Max, CE = Vcc + 0.5 V, 
OE = ViL 
ViH Input High Level 0.7x Vcc V 
Voc +0.3 
Vio Voltage for Autoselect Vcc = 5.0 V 11.5 V 
and Sector Protect 
Voi Output Low Voltage lot = 12.0 mA, Vcc = Vcc Min | pf 0.4 V 


VoHt loH=—-2.5 mA, Vec=Vcc Min | 0.85 V 
Vcc 
+ Output High Voltage | aia 


VOH2 lOH = —100 LA, Voc = Vcc Min | Vcc 


Low Vecteck-out vonage | te |e | 


1.. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). 
The frequency component typically is less than 2 mA/MHz, with OE at Vin. 





VLKO 
Notes: 





2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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AC CHARACTERISTICS 
Read Only Operations Characteristics 


Parameter 
Symbols 
-75 -90 -120 -150 
Test a (Note 1) | (Note 2) | (Note 7 (Note 2) 


JEDEC| Standard| Description 
tAVAV Htro | Read Cycle Time (Note 4) 


tavav | tAcc Address to Output Delay Eagle 
tTELQV Chip Enable to Output Delay = aE. 
tGLav Output Enable to 

Output Delay 





abs 






tEHQZ Chip Enable to Output Max 


High Z (Notes 3, 4) 


Output Enable to Output 
High Z (Notes 3, 4) 


tGHOZ 







oe 


























tAxax Output Hold Time From Min 
Addresses, CE or OE, 
Whichever Occurs First 

Notes: 

1. Test Conditions: 2. Test Conditions: 3. Output driver disable time. 
Output Load: 1 TTL gate and 30 pF Output Load: 1 TTL gate and 100 pF 4. Not 100% tested. 
Input rise and fall times: 5 ns Input rise and fall times: 20 ns 
Input pulse levels: 0.0 V to 3.0 V Input pulse levels: 0.45 V to 2.4 V 
Timing measurement reference level Timing measurement reference level 

Input: 1.5 V Input: 0.8 and 2.0 V 
Output: 1.5 V Output: 0.8 and 2.0 V 
5.0 V 
IN3064 
or Equivalent & 2-7 kQ 
Device 
Under 
Test 
CL 
Diodes = IN3064 
= or Equivalent 
Notes: 


For -75: Ci = 30 pF including jig capacitance 
For allothers: C. = 100 pF including jig capacitance =r . 17113C-14 


Figure 7. Test Conditions 
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AC CHARACTERISTICS 


Write/Erase/Program Operations 


Parameter 
Symbols 


JEDEC| Standard] Description 


Write Cycle Time (Note 4) Min 





















a 
| 
on 
‘ 
—_ 
ind 
a 


= 
5 


fom [os [BaaSeuptine 
[ion [Baahow ting 

| | toes | Output Enable Setup Time 

= Output Enable 


= 
=) 
ht 
E 
on 
s 
s 
oO 


70 
45 
30 


= 
>) 


BE 
n 
-[s 
Oo 
on 
i=) 










BE 
=) 


. 
rnd 
. . 


Hold Time | Toggle and Data Polling (Note 4)| Min 


Read Recover Time Before Write 





10 


ont 
© 
—_ 
Oo 
—_ 
© 


Write Pulse Width 


Erase Operation (Note 1 
Max 


ion ( 
Vcc Set Up Time (Note 4 


Min 
Min 


2 
1 


= 
tn |: 
_ 
an 
= 
oO 
@M 
Oo 


—_ 
(o>) 
_ 
oO 
—" 
oO 
i) 


Beles 
3 3 a3 


0 
6 
15 
30 
50 
4 
4 


In 





= 


) 
ae ) 
| tar Voltage Transition Time (Notes 2, 4) 
twee Write Pulse Width (Note 2) 


OE Setup Time to WE Active (Notes 2, 4) 
CE Setup Time to WE Active (Notes 3, 4) 


1. This does not include the preprogramming time. 


Min 
Min 100 
Min 


A 
=) 


4 





Notes: 


2. These timings are for Sector Protect/Unprotect operations. 
3. This timing is only for Sector Unprotect. 
4, Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must Be 
Steady 


May 
Change 
from Hto L 


May 
Change 
from Lto H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


SWITCHING WAVEFORMS 


Addresses 


Outputs 


tACC 





OUTPUTS 


Will Be 
_ Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 





7 
| (toF) 


(tCE) 


(toH) 


2 __(((Q oma ‘pH? 


171130-15 


Figure 8. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


| Data Polling 
rao seas Ho KXXXXX * XM 

two tas tAH tRC 
CE 
: L 
™ a yn 

tWPH 
is {DF 
ie tOE 
{ | 


ot (ip (>) 


toH 
5.0 V , 


t 
Notes: CE 


1. PA is address of the memory location to be programmed. PASC48 
PD is data to be programmed at byte address. 


DQ7 is the output of the complement of the data written to the device. 


Dout is the output of the data written to the device. 


OA A & 


Figure indicates last two bus cycles of four bus cycle sequence. 
Figure 9. Program Operation Timings 


tAS tAH 


F2 
Addresses 5555H @ 2AAAH 5555H 5555H . 2AAAH 


10 


tGHWL 


fle 


tWPH 
tDH 


a 
oes OO On Om Om 
tps AAH 55H 80H AAH 55H 10H/30H 
me ee 17113C0-17 


Note: SA is the sector address for Sector Erase. Addresses = don't care for Chip Erase. 


: 
gore 
fe 


Figure 10. AC Waveforms Chip/Sector Erase Operations 
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SWITCHING WAVEFORMS 


tCH 


OE Ph 


nae 


et 


tOH 


: High Z 
| Valid Data by) 
tWHWH 1 or 2 


= cocci] EES) 


tOE 


‘DQ7=Valid Data (The device has completed the Embedded operation). 17113C-18 


Figure 11. AC Waveforms for Data Polling during Embedded Algorithm Operations 





tOEH 


tOES 


: ial 
= DO6=Toggle - DQ6=Toggle B Paes e actA ae 


(a0, 5Q7) Stop Toggling 


17113C0-19 


Note: *DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 12. AC Waveforms for Toggle Bit during Embedded Algorithm Operations 
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SECTOR PROTECTION ALGORITHMS 


Sector Protection 


The Am29F040 features hardware sector protection 
which will disable both program and erase operations to 
an individual sector or any group of sectors. To activate 
this mode, the programming equipment must force Vip 
on control pin OE and address pin A9. The sector ad- 
dresses should be set using higher address lines A18, 
A17, and A16. The protection mechanism begins on the 
falling edge of the WE pulse and is terminated with the 
rising edge of the same. 


It is also possible to verify if a sector is protected during 
the sector protection operation. This is done by setting 
AG = CE = OE = Vi_ and WE = Vin (AQ remains high at 
Vio). Reading the device at address location XXX2H, 
where the higher order addresses (A18, A17, and A16) 
define a particular sector, will produce 01H at data out- 
puts (DQ0—DQ7) for a protected sector. 


amp &\ 


sector Unprotect 


The Am29F040 also features a sector unprotect mode, 
so that a protected sector may be unprotected to incor- 
porate any changes in the code. All sectors should be 
protected prior to unprotecting any sector. 


To activate this mode, the programming equipment 
must force Vin on control pins OE, CE, and address 
pin AQ. The address pins A6, A16, and A12 should be 
set to Vin. The unprotection mechanism begins on the 
falling edge of the WE pulse and is terminated with the 
rising edge of the same. 


it is also possible to determine if asector is unprotected 
inthe system by writing the autoselect command and A6 
is set at Vin. Performing a read operation at address lo- 
cation XXX2H, where the higher order addresses (A18, 
A17, and A16) define a particular sector address, will 
produce 00H at data outputs (DQ0—DQ7) for an unpro- 
tected sector. 
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Set Up Sector Addr 
(A18, A17, A16) 
PLSCNT = 1 


OE = VID 
AQ = Vio, CE = VIL 


Activate WE Pulse 
Time Out 100 ps 


Power Down OE 
WE = VIH 
CE = OE = Vit 
AQ should remain Vip 





Increment 
PLSCNT 






Read from Sector 
Addr = SA, AO = 0, Al = 1, 
AG = 


No Data 
= 01H 


4 


Device 
Failed 










Protect 
Another 
Sector? 


Yes 






No 


Remove Vip from AQ 
Write Reset Command 


Sector Protection 
Complete 


17113C-20 


Figure 13. Sector Protection Algorithm 
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SWITCHING WAVEFORMS 


A18, 
Al7, SAx SAy 
Ai6 





\eVeee ocean ee eed ae 
5V --r- 
wos as Fez 
OE 
tVLHT 
we a ee 
tOESP 
CE 
ie i 
| tOE 
SAx = Sector Address for initial sector 


SAy = Sector Address for next sector 
17113C0-21 


Figure 14. AC Waveforms for Sector Protection 
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Protect All Sectors 
PLSCNT = 1 


Set Up Sector 
Unprotect Mode 


Ail2 = A16 = VIH 












Activate WE Pulse 
Time Out 10 ms 
Set OE = CE = VIL 
AQ = Vip 


Set Up Sector Addr SAO 
Set A1A0 = 10, A6 = 1 


Read Data 
from Device 


Increment 
PLSCNT 


No 
Increment PLSCNT 
Sector Addr = ie 
Yes 





Sector 
Addr = SA7 
? 


Device 
Failed 
Yes 


Remove Vip 
from A9 
Sector Unprotect 
Completed ~17113C-22 
Notes: 


SAO = Sector Address for initial sector 
SA7 = Sector Address for last sector 
Please refer to Table 4 for details. 


Figure 15. Sector Unprotect Algorithm 
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SWITCHING WAVEFORMS 


3 § 
eX PITT TTT SA 
A16 5 


Sve inal a 
AQ | 
tVLHT 
Se) 
: - 
————— 
a 7 
A16 A Ay re a 
A a a aan eae 
oe ae 
OE —_—____——{ 
tVLHT : 5 
—_ | 
WE a 
——_————“ , | 
tcsP | 
1 a a (ta 
hae Lag irae 
CE 
tVLHT tVLHT }——_—_—_—___—_—_5} 
Cn Cc A 
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Figure 16. AC Waveforms for Sector Unprotect 
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AC CHARACTERISTICS 


Write/Erase/Program Operations 
Alternate CE Controlled Writes | 





‘U 
o 
=| 
o 
3 
ed 
oO 
ad 
6] 
3 
fox 
2 


JEDEC Description 

wav [me Wetecyoe Tine oie) ‘(i 

wer [us _[AddossSeupTine = eo fo 

ux [ww _[AdsosstoTine _——————idiy as | os | so | oo 
js Min / so | 8 
Ca Min ie Se ee 





twc 
tDVEH tbs Data Setup Time 45 
tDH Data Hold Time hr 80. 5] 


tEHDX 





Output Enable peso Noles) 
Hold Time Toggle and Data Polling (Note 4) 


tGHEL Read Recover Time Before Write 
tWLEL WE Setup Time | Min 
TE Pus 






pee Je 
tel 
tWHWH2| tWHWH2 {Erase Operation (Note 1) min) 15 | 15 | 15 | 15 | Sec 


1. This does not include the preprogramming time. 


— 
O 
m 
= 


Notes: 


2, These timings are for Sector Protect/Unprotect operations. 
3. This timing is only for Sector Unprotect. 
4. Not 100% tested. 


/ 
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Data Polling 





Addresses 


WE 
OE y 
tWHWH1 

= [| fe 

tCPH 

tws 

| 

Co (ib (ro) {oe Xoam 

tDS 
5.0V he tt 
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Notes: 


1. 


PA is address of the memory location to be programmed. 


2. PD is data to be programmed at byte address. 
3. 
4 
5 


DQ; is the output of the complement of the data written to the device. 


. Dour is the output of the data written to the device. 
. Figure indicates last two bus cycles of four bus cycle sequence. 


Figure 17. Alternate CE Controlled Program Operation Timings 
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ERASE AND PROGRAMMING PERFORMANCE 


| 
Parameter pMin | typ | Max _ Comments 
Chip and Sector Erase Time 1.5 30 sec Excludes 00H programming 
(Note 1) prior to erasure 
Byte Programming Time 16 1000 ps Excludes system-level overhead 
(Note 2) 
Chip Programming Time a ee 50 sec Excludes system-level overhead 
(Note 1) 


Notes: 


1, 25°C, 5 V Vcc, 100,000 cycles . 
2. When programming a “1” over a “0”, the Embedded Algorithms allow for 48 ms byte program time. 














LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all I/O pins Vec + 1.0 V 
-100 mA +100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin ata time. 






LCC PIN CAPACITANCE 


"Sima!" | ramet owsenion | retsou | 
Symbol Parameter Description Test Setup Typ 
a 
[ene | conteiPincapsctawe | vueo SSS~d as | | 


Notes: 
1. Sampled, not 100% tested. 
2. Test conditions Ta = 25°C, f = 1.0 MHz 















TSOP PIN CAPACITANCE 







Notes: 
1. Sampled, not 100% tested. 
2. Test conditions Ta = 25°C, f = 1.0 MHz 
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PLCC PIN CAPACITANCE 


Symbol Parameter Description Test Setup Typ 
: 
| cour | Output Capacitance | Vour=o 


Notes: 
1. Sampled, not 100% tested. 
2. Testconditions Ta = 25°C, f = 1.0 MHz 















PDIP PIN CAPACITANCE 


Parameter 
Symbol Parameter Description Test Setup Typ 


















Notes: 
1. Sampled, not 100% tested. 


2. Testconditions Ta = 25 C, f= 1.0 MHz 





DATA RETENTION 


Test Conditions | Min {| _unit__ 
Minimum Pattern Data Retention Time 150°C 
| 125°C 
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DATA SHEET REVISION SUMMARY FOR 
Am29F040 

Title 

Specify “4 Megabit” density. 

Distinctive Characteristics 

Include “Read” under first bullet. 

General Description 


Include statement "Am29F040 is erased when shipped 
from factory.” 


Autoselect 
Correction in text (Vin) from 13 V to 12.5 V. 
Table 5. Am29F040 Command Definition 


Clarify Note 1, remove A16, A17, and A18 in second 
sentence. 


1-112 


PRELIMINARY 


Byte Programming 


Clarify the statement “hang up the device” by including 
“exceed timing limits.” 


DC Characteristics CMOS Compatible Table 


Add parameters lu: “Input Load Current” and Iu: “AQ In- 
put Load Current” to be consistent with TTL/NMOS 
compatible table. 


Figure 12. AC Waveforms for Toggle Bit during 
Embedded Algorithm Operations 


Identify parameter “toes” 
Figure 15. AC Waveforms for Sector Protection 


CE Waveform is altered to show preferred method; this 
change is also reflected in Figure 13. Sector Protection 
Algorithm flow chart. 


Data Retention Table 
Added to be consistent with ajl other data sheets. 
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Sector Erase Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ 5.0V+10% read, write, and erase 
— Minimizes system level power requirements 
m Compatible with JEDEC-standard commands 
— Uses same software commands as E7PROMS 
mM Compatible with JEDEC-standard word-wide 
pinouts 
— 44-pinSO 
— 48-pin TSOP 
@ Minimum 100,000 write/erase cycles 
@ High performance 
— 70ns maximum access time 
@ Sector erase architecture 
— One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, 
and seven 64 Kbytes 
— Any combination of sectors can be concurrently 
erased. Also supports full chip erase. 
mm Embedded Erase Algorithms 


— Automatically pre-programs and erases the 
chip or any sector 


GENERAL DESCRIPTION 


The Am29F 400 is a 4 Mbit, 5.0 V-only Flash memory or- 
ganized as 512K bytes of 8 bits each or 256K words of 
16 bits each. The Am29F 400 is offered in 44-pin SO and 
48-pin TSOP packages. This device is designed to be 
programmed in-system with the standard system 5.0 V 
Vcc supply. A 12.0 V Vpp is not required for 
write or erase operations. The device can also be 
reprogrammed in standard EPROM programmers. The 
Am29F400 is erased when shipped from the factory. 


The standard Am29F400 offers access times between 
70 ns and 150 ns, allowing operation of high-speed mi- 
croprocessors without wait states. To eliminate bus 
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Family Part No: 
Ordering PartNo: Vcc =5.0V+5% 


Veco = 5.0 V+t10% 






Am29F400 


a 
Max hecess Tine (03) eT es a 
EE) Access ns) Pdi 
OE (G) Access (ns) 
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. product without notice. 


PRELIMINARY : | 
ee Ll 
Am29F400T/Am29F400B 


4 Megabit (524,288 x 8-Bit/262,144 x 16-Bit) CMOS 5.0 Volt-only, 


Advanced 
Micro 
Devices 


m@ Embedded Program Algorithms 
— Automatically writes and verifies data at 
specified address 
— Data Polling and Toggle Bit feature for detec- 
tion of program or erase cycle completion 
m@ Low power consumption 
— 20 mA typical active read current for Byte Mode 
— 28 mA typical active read current for Word 
Mode 
— 30 mA typical write/erase current 
— 25 A typical standby current 
™@ Low Vcc write inhibit < 3.2 V 
m@ Sector protection 
— Hardware method disables any combination of 
sectors from write or erase operations 
W@ Erase Suspend/Resume 
— Suspends the erase operation to allow a read in 
another sector within the same device 
—@ Boot Code Sector Architecture 
— T = Top sector 
— B= Bottom sector 


contention the device has separate chip enable (CE), 


write enable (WE) and output enable (OE) controls. 


The Am29F400 is pin and command set compatible with 
JEDEC standard 4 Mbit E7P ROMs. Commands are writ- 
ten to the command register using standard micropro- 
cessor write timings. Register contents serve as input to 
an internal state-machine which controls the erase and 
programming circuitry. Write cycles also internally latch 
addresses and data needed for the programming and 
erase operations. Reading data out of the device is simi- 
lar to reading from 12.0 V Flash or EPROM devices. 
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The Am29F400 is programmed by executing the pro- 
gram command sequence. This will invoke the Embed- 
ded Program. Algorithm which is an internal algorithm 
that automatically times the program pulse widths and 
verifies proper cell margin. Typically, each sector canbe 
programmed and verified in less than one second. 
Erase is accomplished by executing the erase com- 
mand sequence. This will invoke the Embedded Erase 
Algorithm which is an internal algorithm that automati- 
Cally preprograms the array if it is not already pro- 
grammed before executing the erase operation. During 
erase, the device automatically times the erase pulse 
widths and verifies proper cell margin. 


The entire chip or any individual sector is typically 
erased and verified in 1.5 seconds (if already completely 
preprogrammed). 


This device also features a sector erase architecture. 
The sector mode allows each sector to be erased and 
reprogrammed without affecting other sectors. 


The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vcc detector automatically 
inhibits write operations on the loss of power. The endof 
program or erase is detected by Data Polling of DQ7, by 
the Toggle Bit feature on DQ6, or the RY/BY pin. Once 
the end of a program or erase cycle has been com- 
pleted, the device internally resets to the read mode. 


AMD’s Flash technology combines years of EPROM 
and E?PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
Am29F400 memory electrically erases the entire chip or 
all bits within a sector simultaneously via Fowler- 
Nordhiem tunneling. The bytes/words are programmed 
one byte/word at atime using the EPROM programming 
mechanism of hot electron injection. 


Flexible Sector-Erase Architecture 
Bm One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, and 
seven 64 Kbytes, 


@ = Individual-sector, multiple-sector, or bulk-erase 
Capability 

8 Individual or multiple-sector protection is user 
definable 
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Am29F400T Sector Architecture 


7FFFFh 
7BFFFh 
79FFFh 
77FFFh 
6FFFFh: 
SFFFFh 
4FFFFh 
SFFFFh 
OFFFFh 
1FFFFh 
OFFFFh 
00000h 














18612A-1 


7FFFFh 
6FFFFh 
SFFFFh 
4FFFFh 
SFFFFh 
2FFFFh 
1FFFFh 
OFFFFh 
O7FFFh 
OSFFFh 
O3FFFh 
00000h 






Am29F400B Sector Architecture 


64 Kbyte 
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CONNECTION DIAGRAMS 





NC fj 1¢ 44 [] RESET 


RY/BY [} 2 431] We 
A17 {73 42 [] 48 
A7 [}4 41 [] A9 
AG ] A10 
A5 39 T] A11 
Ad | 38 [] A12 
A3 37 T] A13 
A2 36 |} A14 
At 35 |] A15 
AO 34 |] A16 
CE [} 12 33 [| BYTE 
Vss L] 13 32 [J Vss 
OE 1] 14 31 |} DQ1S/A-1 


DQO {] 15 30 |} DQ7 
DQ8 {} 16 29 1] DQ14 
DQ1 [f 17 28 || D6 
DQQ {] 18 27 {| DQ13 


DOQ2 |4 19 1} DQS5 
DAI10 [] 20 o5 1] Da12 
DQ3 [f 21° 24 || DOQ4 
DQ11 [f22 = a3 [] Vcc 
18612A-4 
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CONNECTION DIAGRAMS 


Ai6 
BYTE 
Vss 
DQ15/A-1 
DQ7 
DQ14 
DQ6 
DQ13 
DQ5 
DQ12 
DQ4 

Vcc 
DQ11 
DQ3 
DQ10 
DQ2 
DQ9 

DQ 

DQ8 


O 


1 
2 
3 
4 
5 
6 
i 
8 
9 





Standard TSOP 18612A-5 


4 
= 
on 


OOnN OO hWNM — 





Reverse TSOP 18612A-6 
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LOGIC SYMBOL 





Table 1. Am29F400 Pin Configuration 









A-1, AO-A17]| Address Inputs 
16 or 8 
ay ae DQO-DQ15 | Data Input/Output 
Chip Enable 


avie 
NC 

Ss 

cc 


A0-A17 





DQo-DaIs 


18612A-7 
V Device Ground 


V Device Power Supply 
(5.0 V+ 10% or + 5%) 


PNG No Internal Connection 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: : 









Am29F400 iT 75 E C B 
| ener OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


TEMPERATURE RANGE 

C = Commercial (0°C to +70°C) 

| = Industrial (-40°C to +85°C) 
E = Extended (-55°C to +125°C) 


PACKAGE TYPE 

E = 48-Pin Thin Small Outline Package 
(TSOP) Standard Pinout (TS 048) 

F = 48-Pin Thin Small Outline Package 
(TSOP) Reverse Pinout (TSR 048) 

S = 44-Pin Small Outline Package, (SO 044) 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


BOOT CODE SECTOR ARCHITECTURE © 
T = Top sector 
B = Bottom sector 


a 


DEVICE NUMBER/DESCRIPTION 

Am29F400 

4 Megabit (512K x 8-Bit or 256K x 16-Bit) CMOS Flash Memory 
5.0 V-only Program and Erase 






Valid Combinations _ 


Am29F400T/B-75 | EC, FC,SC 
Am29F4001/B-90 | EC El, FC, Fl, EE, 
Am29F400T/B-120{ EEB, FE, FEB, SC, 
Am29F4007/B-150| S! SE. SEB 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the Io- 
cal AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 









Am29F400T/Am29F400B 1-119 


ON amo PRELIMINARY 





Table 2. Am29F400 User Bus Operations (BYTE = Vin) 


ee ed 
ectatmiww colt fete fe t+ tt [we] om | ow 
ae 
Reed Tae [ae [dor | 
a ee ee 
[owateave sf eT we] x |x] xx | aone [x 
Pues tT [AT [| ow | 
[emesecorpoes ft [welt [x] x[x]w{ x [# 
veivsearroea@® fe [t} eit] a{+t| we] om [4 
[Tenpoan Secorurpees | xf xx [x] xxx] x | wo 
[Recaro EX Ex | xxx] x] x] wone |e 


Table 3. Am29F400 User Bus Operations (BYTE = Vit) 


[atoseecvaniacwwonor| efits [sts [wo] ee | HW . 


Trwoscrsoonecon fe fe fx {w{+ |e |] om | m 
Ce ca oe MCE eR 


=e Pa ee 
Output Disable HIGH Z =z 


Write 

Enable Sector Protect eat erga 
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Legend: 
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L = Vit, H = Vin, X = Don't Care. See DC Characteristics for voltage levels. 


Notes: , 
1. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 7. 
2. Refer to the section on Sector Protection. 


3. WEcan be Vi if OE is Vit, OE at Vin initiates the write operations. 





Read Mode access time (tce) is the delay from stable addresses and 


The Am29F400 has two control functions which must be stable CE to valid data at the output pins. The up uuene 
satisfied in order to obtain data at the outputs. CEisthe 90!€ access time is the delay from the falling edge of OE 
power control and should be used for device selection. _to valid data at the output pins (assuming the addresses 
OE is the output control and should be used to gate data have been stable 1OF at least tacc-toe time). 

to the output pins if a device is selected. 


Address access time (tacc) is equal to the delay from 
stable addresses to valid output data. The chip enable 
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Standby Mode 


The Am29F400 has two standby modes, a CMOS 
standby mode (CE input held at Vcc + 0.5 V), when the 
current consumed is less than 100 yA; and a TTL 
standby mode (CE is held at Vin) when the current re- 
quired is reduced to approximately 1 MA. Inthe standby 
mode the outputs are in a high impedance state, inde- 
pendent of the OE input. | 


lf the device is deselected during erasure or program- 
ming, the device will draw active current until the opera- 
tion is completed. 


Output Disable 


With the OE input at a logic high level (Vin), output from 
the device is disabled. This will cause the output pins to 
be in a high impedance state. 


Autoselect 


The autoselect mode allows the reading out of a binary 
code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment for the purpose of automatically matching 
the device to be programmed with its corresponding 
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programming algorithm. This mode is functional over 
the entire temperature range of the device. 


To activate this mode, the programming equipment 
must force Vio (11.5 V to 12.5 V) on address pin AQ. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All ad- 
dresses are don't cares except AO, A1, and A6. 


The manufacturer and device codes may also be read 
via the command register, for instances when the 
Am29F400 is erased or programmed in a system with- 
out access to high voltage on the AQ pin. The command 
sequence is illustrated in Table 7 (refer to Autoselect 
Command section). 


Byte 0 (AO = ViL) represents the manufacturer's code 
(AMD=01H) and byte 1 (AO = Vin) the device identifier 
code (Am29F400T = 23H and Am29F400B = ABH for x8 
mode; Am29F400T = 2223H and Am29F400B = 22ABH 
for x16 mode). These two bytes/words are given in the 
table below. All identifiers for manufacturer and device 
will exhibit odd parity with DQ7 defined as the parity bit. 
In order to read the proper device codes when executing 
the autoselect, A1 must be Vit (see Tables 4.1 and 4.2). 


Table 4.1 Am29F400 Sector Protection Verify Autoselect Codes 








Manufacturer's Code a 





Am29F400 
Device 
Code 






reeb el = 


“Outputs 01H at protected sector addresses 


Am29F400T Xx V 
m 
- 
= 





a 





Table 4. 2 Expanded Autoselect Code Table 





Manufacturer’s Code 


Am29F400 
Device 
Code 


|____ Sector Protection |, ~— 01H] 0 | OO 
(B) — Byte mode 
(W) — Word mode 
















DID D|D p!oD D 
Qala ala ala Q 
15 | 14 2/11 8 | 7 1 
olojofo{ololof{ololo|]ololo|o| oli. 
ikcoganel ee A-1| HI-Z| HI-Z} HI-Z| Hi-Z} HI-Z} Hi-Z Pee ee 
W)| 2223H| of o | 1] of o| o | 1 J] 0 1 1| 1 
Am29F400B(B)} ABH| A-1| Hi-Z} HI-z] HI-z| HI-zZ] Hi-z| Hi-Z] HI-Z| 1 1 1 pela 
| (W)}22ABH]| of o | 1] 0} of o | 1 O11 1 1 111 
fofof{of{ofofofofojojojfojfo} of{i| 
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Table 5. Sector Address Tables (Am29F400T) 


Write 


Device erasure and programming are accomplished via 

‘the command register. The contents of the register 
serve as inputs to the internal state machine. The state 
machine outputs dictate the function of the device. 


The command register itself does not occupy any ad-. 


dressable memory location. The register is a latch used 
to store the commands, along with the address and data 
information needed to execute the command. The com- 
mand register is written to by bringing WE to Vit, while 
CE is at Vi_ and OE is at Vin. Addresses are latched on 
the falling edge of WE or CE, whichever happens later; 
while data is latched on the rising edge of WE or CE, 
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whichever happens first. Standard microprocessor write 
timings are used. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Sector Protection 


The Am29F400 features hardware sector protection. 
This feature will disable both program and erase opera- 
tions in any number of sectors (0 through 10). The sector 
protect feature is enabled using programming equip- 
ment at the user’s site. The device is shipped with all 
sectors unprotected. Alternatively, AMD may program 





pate 
oe 
ae ae 
Cs JL! 
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and protect sectors in the factory prior to shipping the 
device (AMD’s ExpressFlash™ Service). 


To activate this mode, the programming equipment 
must force Vip on address pin AQ and contro! pin OE, 
(suggest Vip = 11.5 V) and CE = Vi. The sector ad- 
dresses (A17, A16, A15, A14, A13, and A12) should be 
set to the sector to be protected. Tables 5 and 6 define 
the sector address for each of the eleven (11) individual 
sectors. Programming of the protection circuitry begins 
on the falling edge of the WE pulse and is terminated 
with the rising edge of the same. Sector addresses must 
be held constant during the WE pulse. Refer to figures 
17 and 18 for sector protection algorithm and 
waveforms. 


To verify programming of the protection circuitry, the 
programming equipment must force Vip on address pin 
AQ with CE and OE at Vit and WE at Vin. Scanning the 
sector addresses (A17, A16, A15, A14, A13, and A12) 
while (A6, A1, AO) = (0, 1, 0) will produce a logical “1” 
code at device output DQ0 for a protected sector. Other- 
wise the device will produce 00H for an unprotected 
sector. In this mode, the lower order addresses, except 
for AO, A1, and A6 are don't care. Address locations with 
Ai = Vit are reserved for Autoselect manufacturer and 
device codes. 


It is also possible to determine if a sector is protected in 
the system by writing an Autoselect command. Perform- 
ing a read operation at the address location XX02H, 
where the higher order addresses (A17, A16, A15, A14, 
A13, and A12) are the sector address will produce a logi- 
cal “1” at DQO for a protected sector. See Table 4.1 for 
Autoselect codes. | 


_ Temporary Sector Unprotect 


This feature allows temporary unprotection of previ- 
ously protected sectors of the Am29F400 device in 
order to change data. The Sector Unprotect mode is 
activated by setting the RESET pin to high voltage 
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(12V). During this mode, formerly protected sectors 
can be programmed or erased by selecting the sector 
addresses. Once the 12 V is taken away from the RE- 
SET pin, all the previously protected sectors will be pro- 
tected again. 


Sector Unprotect 


The Am29F400 also features a sector unprotect mode, 
so that a protected sector may be unprotected to incor- 
porate any changes in the code. All sectors should be 
protected prior to unprotecting any sector. 


To activate this mode, the programming equipment 
must force Vio on control pin OE and address pin AQ. 
The CE and AO pins must be set at Vi. Pins A6 and A1 
must be set to Vin. Refer to Figure 19 for the sector un- 
protect algorithm. The unprotection mechanism begins 
on the falling edge of the WE pulse and is terminated 
with the rising edge of the same. | 


It is also possible to determine if a sector is unprotected 
inthe system by writing the autoselect command and A6 
is set at Vic. Performing a read operation at address !o- 
cation XXX2H, where the higher order addresses (A17, 
A16, A15, A14, A13, and A12) define a particular sector 
address, will produce 00H at data outputs (DQ0—DQ7) 
for an unprotected sector. 


Command Definitions 


Device operations are selected by writing specific ad- 
dress and data sequences into the command register. 
Writing incorrect address and data values or writing 
them in the improper sequence will reset the device 
to the read mode. Table 7 defines the valid register 
command sequences. Note that the Erase Suspend 
(BO) and Erase Resume (30) commands are valid only 
while the Sector Erase operation is in progress. Either of 
the two reset commands will reset the device (when ap- 
plicable). Please note that commands are always writ- 
ten at DQ0-—DQ7 and DQ8-DQ15 bits are ignored. 
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Table 7. Am29F400 Command Definitions 


: : Fourth Bus : 
First Bus | Second Bus | Third Bus | Read/Write Fifth Bus Sixth Bus 
Write Cycle | Write Cycle | Write Cycle Cycle Write Cycle | Write Cycle 


| Addr |Data| Addr |Data{ Addr [Data{ Addr | Data | Addr |Data| Addr | Data] 



















Command 
Sequence 
Read/Reset 





fee thee ee eats ee ou ede odie ad 
Read/Reset AAHI2AAAH | 55H FOH| RA a (eee eee 
Byte 5555H 
W AAH 







Led 
Autoselect 
CE 
Program wes | 4 555 
lial <a 


we 
on] > 
> 
HE 


on 
oO 
> 


55H | 5555H | 90H a 
AAAH 


ee) 
< 
© 
> 
> 
Y> 
> 
x= 


Nilo 


5 ease] twa] | | || || 
By 
Chip Erase AAH|2AAAH | 55H 80H 10H 
iam: ee eae 
Sector Erase Word 5555H | AAH|2AAAH | 55H 80H EES AAW TEARAL SSH SA) 90H 
a Aa 


Sector Erase Suspend Erase can be suspended during sector erase with Addr (don't care), Data (BOH) 
Erase can be resumed after suspend with Addr (don't care), Data (30H) 


Notes: 


1. Address bit A15 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA). 
Write Sequences may be initiated with A15 in either state. 


2. Address bits A16 = X = Don’t Care for all address commands except for Program Address (PA) and Sector Address (SA). 
Bus operations are defined in Table 2. 








uo 


4. RA = Address of the memory location to be read. _ 
PA = Address of the memory location to be programmed. Addresses are latched on the falling edge of the WE pulse. 
SA = Address of the sector to be erased. The combination of A16, A15, A14, A13, and A12 will uniquely select any sector. 


5. RD = Data read from location RA during read operation. a 
PD = Data to be programmed at location PA. Data is latched on the falling edge of WE. 


6. The system should generate the following address patterns: 
Word Mode: 5555H or 2AAAH to addresses AO — A14 
Byte Mode: AAAAH or 5555H to addresses A-1 — A14. 


Read/Reset Command The device will automatically power-up in the read/reset 
State. In this case, acommand sequence is not required 
to read data. Standard microprocessor read cycles will 
retrieve array data. This default value ensures that no 
spurious alteration of the memory content occurs during 
the power transition. Refer to the AC Read Characteris- 
tics and Waveforms for the specific timing parameters. 


The read or reset operation is initiated by writing the 
read/reset command sequence into the command reg- 
ister. Microprocessor read cycles retrieve array data 
fromthe memory. The device remains enabled for reads 
until the command register contents are altered. 
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Autoselect Command 


Flash memories are intended for use in applications 
where the local CPU alters memory contents. As such, 
manufacture and device codes must be accessible 
while the device resides in the target system. PROM 
programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto the address lines is not generally desired 
system design practice. 


The device contains an autoselect command operation 
to supplement traditional PROM programming method- 
ology. The operations initiated by writing the autoselect 
command sequence into the command register. Follow- 
ing the command write, a read cycle from address 
XXOOH retrieves the manufacture code of 01H. A read 
cycle from address XX01H returns the device code 
(Am29F400T = 23H and Am29F400B = ABH for x8 
mode; Am29F400T = 2223H and Am29F400B = 22ABH 
for x16 mode) (see Tables 4.1 and 4.2). 


All manufacturer and device codes will exhibit odd parity 
with DQ7 defined as the parity bit. 


Scanning the sector addresses (A17, A16, A15, A14, 
A13, and A12) while (A6, A1, AO) = (0, 1, 0) will produce 
a logical “1” at device output DQ0 for a protected sector. 


To terminate the operation, it is necessary to write the 
read/reset command sequence into the register. 


Byte/Word Programming 


The device is programmed on a byte-by-byte (or 

word-by-word) basis. Programming is a four bus cycle 
~ operation. There are two “unlock” write cycles. These 
are followed by the program set-up command and data 
write cycles. Addresses are latched on the falling edge 
of CE or WE, whichever happens later and the data is 
latched on the rising edge of CE or WE, whichever 
happens first. The rising edge of CE or WE (whichever 
happens first) begins programming. Upon executing the 
Embedded Program Algorithm command sequence the 
system is not required to provide further controls or 
timings. The device will automatically provide adequate 
internally generated program pulses and verify the 
programmed Cell margin. 


The automatic programming operation is completed 
when the data on DQ7 is equivalent to data written to 
this bit (see Write Operation Status section) at which 
time the device returns to the read mode and addresses 
are no longer latched. Therefore, the device requires 


that a valid address to the device be supplied by the sys- _ 


tem at this particular instance of time. Hence, Data Poll- 
ing must be performed at the memory location which is 
being programmed. 


Any commands written to the chip during this period will 
be ignored. 


Programming is allowed in any sequence and across 
sector boundaries. Beware that a data “0” cannot be 
programmed back to a “1”. Attempting to do so may 
either hang up the device or result in an apparent suc- 
cess according to the data polling algorithm but a read 
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from reset/read mode will show that the data is still “O”. 
Only erase operations can convert “0"s to “1”s. 


Figure 1 illustrates the Embedded Programming Algo- 
rithm using typical command strings and bus opera- 
tions. . 


Chip Erase 


Chip erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the chip erase command. 


Chip erase does notrequire the user to program the de- 
vice prior to erase. Upon executing the Embedded 
Erase™ Algorithm command sequence the device auto- 
matically will program and verify the entire memory for 
an all zero data pattern prior to electrical erase. The sys- 
tem is not required to provide any controls or timings 
during these operations. 


The automatic erase begins onthe rising edge of the last 
WE pulse in the command sequence and terminates 
when the data on DQ7 is “1” (see Write Operation Status 
section) at which time the device returns to read 
the mode. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Sector Erase 


Sector erase is a six bus cycle operation. There are two 
“unlock” write cycles. These are followed by writing the 
“set-up” command. Two more “unlock” write cycles are 
then followed by the sector erase command. The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(30H) is latched on the rising edge of WE. A time-out of 
80 us from the rising edge of the last sector erase com- 
mand will initiate the sector erase command(s). 


Multiple sectors may be erased concurrently by writing 
the six bus cycle operations as described above. This 
sequence is followed with writes of the Sector Erase 
command to addresses in other sectors desired to be 
concurrently erased. The time between writes must be 
less than 80 us otherwise that command will not be ac- 
cepted and erasure will start. It is recommended that 
processor interrupts be disabled during this time to 
guarantee this condition. The interrupts can be re-en- 
abled after the last Sector Erase command is written. A 
time-out of 80 ps from the rising edge of the last WE will 
initiate the execution of the Sector Erase command(s). If 
another falling edge of the WE occurs within the 80 ps 
time-out window the timer is reset. (Monitor DQ3 to de- 
termine if the sector erase timer window is still open, see 
section DQ3, Sector Erase Timer.) Any command other 
than Sector Erase or Erase Suspend during this period 
will reset the device to the read mode, ignoring the previ- 
ous command string. Resetting the device once execu- 
tion has begun will corrupt the data in that sector. In that 
case, restart the erase on those sectors and allow them 
to complete. (Refer to the Write Operation Status sec- 
tion for Sector Erase Timer operation.) Loading the 
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sector erase buffer may be done in any sequence and 
with any number of sectors (0 to10). 


Sector erase does not require the user to program the 
device prior to erase. The device automatically pro- 
grams all memory locations in the sector(s) to be erased 
prior to electrical erase. When erasing a sector or sec- 
tors the remaining unselected sectors are not affected. 
The system is not required to provide any controls or 
timings during these operations. 


The automatic sector erase begins after the 80 us time 
out from the rising edge of the WE pulse for the last sec- 
tor erase command pulse and terminates when the data 
on DQ7 is “1” (see Write Operation Status section) at 
which time the device returns to the read mode. Data 
Polling must be performed at an address within any of 
the sectors being erased. 


Figure 2 illustrates the Embedded Erase Algorithm 
using typical command strings and bus operations. 


Erase Suspend 


Erase Suspend command allows the user to interrupt 
the chip and then perform data reads (not program) from 
a non-busy sector during a Sector Erase operation 
(which may take up to several Seconds). This command 
is applicable ONLY during the Sector Erase operation 
and will be ignored if written during the Chip Erase or 


Programming operation. The Erase Suspend command 


(BOH) which is allowed only during the Sector Erase Op- 
eration includes the sector erase time-out period after 
the Sector Erase commands (30H). Writing this com- 
mand during the time-out will result in immediate termi- 
nation of the time-out period. Any subsequent writes of 
the Sector Erase command will be taken as the Erase 
Resume command. Note that any other commands dur- 
ing the time out will reset the device to read mode. The 
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addresses are don't-cares when writing the Erase Sus- 
pend or Erase Resume commands. 


When the Erase Suspend command is written during a 


Sector Erase operation, the chip will take between 
0.1 us to 15 us to suspend the erase operation and go 
into erase suspended read mode (pseudo-read mode), 
during which the user can read froma sector that is NOT 
being erased. Aread froma sector being erased may re- 
sult in invalid data. The user must monitor the toggle bit 
(DQ6) to determine if the chip has entered the pseudo- 
read mode, at which time the toggle bit stops toggling. 
An address of asector NOT being erased must be used . 
to read the toggle bit, otherwise the user may encounter 
intermittent problems. Note that the user must keep 
track of what state the chip is in since there is no external 
indication of whether the chip is in pseudo-read mode or 
actual read mode. After the user writes the Erase Sus- 
pend command, the user must wait until the toggle bit 
stops toggling before data reads from the device can be 
performed. Any further writes of the Erase Suspend 
command at this time will be ignored. 


Every time an Erase Suspend command followed by an 
Erase Resume command is written, the internal (pulse) 
counters are reset. These counters are used to count 
the number of high voltage pulses the memory cell 
requires to program or erase. If the count exceeds a 
certain limit, then the DQ5 bit will be set (Exceeded Time 
Limit flag). This resetting of the counters is necessary 
since the Erase Suspend command can potentially 
interrupt or disrupt the high voltage pulses. 


To resume the operation of Sector Erase, the Resume 
command (30H) should be written. Any further writes of 
the Resume command at this point will be ignored. 
Another Erase Suspend command can be written after 
the chip has resumed erasing. 


Table 8. Hardware Sequence Flags 









Notes: 
1. DQ0, DQ1, DQ2 are reserve pins for future use. 
2. DQ8 -0Q15 = Don't Care for X16 mode. 
3. DQ4 for AMD internal use only. 
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In Progress Auto-Programming 
Program/Erase in Auto Erase 


Pycesdaa Auto-Programming 
: Time Limits Program/Erase in Auto-Erase 





DQ2-DQ0 


| (D) (Note 1) 
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DQ7 
Data Polling 


The Am29F400 device features Data Polling as a 
method to indicate to the host that the Embedded Algo- 
rithms are in progress or completed. During the Embed- 
ded Program Algorithm an attempt to read the device 
will produce the complement of the data last written to 
DQ7. Uponcompletion of the Embedded Program Algo- 
rithm, an attempt to read the device will produce the true 
data last written to DQ7. During the Embedded Erase 
Algorithm, an attempt to read the device will produce a 
“0” at the DQ7 output. Upon completion of the Embed- 
ded Erase Algorithm an attempt to read the device will 
produce a “1” at the DQ7 output. The flowchart for 
DataPolling (DQ7) is shown in Figure 3. 


For chip erase, the Data Polling is valid after the rising 
edge of the sixth WE pulse in the six write pulse se- 
quence. For sector erase, the Data Polling is valid after 
the last rising edge of the sector erase WE pulse. Data 
Polling must be performed at sector address within any 
of the sectors being erased and not a protected sector. 
Otherwise, the status may not be valid. Once the Em- 
bedded Algorithm operation is close to being com- 
_ pleted, the Am29F400 data pins (DQ7) may change 
asynchronously while the output enable (O€) is as- 
serted low. This means that the device is driving status 
information on DQ7 at one instant of time and then that 
byte’s valid data at the next instant of time. Depending 
on when the system samples the DQ7 output, it may 
read the status or valid data. Even if the device has com- 
pleted the Embedded Algorithm operation and DQ7 has 
a valid data, the data outputs on DQO-DQ6 may be still 
invalid. The valid data on DQ0-DQ7 will be read onthe 
successive read attempts. 


The Data Polling feature is only active during the Em- 
bedded Programming Algorithm, Embedded Erase AI- 
gorithm, or sector erase time-out (see Table 8). 


See Figure 11 for the Data Polling timing specifications 
and diagrams. 


DQ6 
Toggle Bit 


The Am29F400 also features the “Toggle Bit” as a 
method to indicate to the host system that the Embed- 
ded Algorithms are in progress or completed. 


During an Embedded Program or Erase Algorithm cy- 
cle, successive attempts to read (OE toggling) data from 
the device will result in DQ6 toggling between one and 
zero. Once the Embedded Program or Erase Algorithm 
cycle is completed, DQ6 will stop toggling and valid data 
will be read on the next successive attempts. During 
programming, the Toggle Bit is valid after the rising edge 
of the fourth WE pulse in the four write pulse sequence. 
For chip erase, the Toggle Bit is valid after the rising 
edge of the sixth WE pulse in the six write pulse 
sequence. For Sector erase, the Toggle Bit is valid after 
the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 


AMD ct 


In programming, if the sector being written to is pro- 
tected, the toggle bit will toggle for about 2 us and then 
stop toggling without the data having changed. In erase, 
the device will erase all the selected sectors except for 
the ones that are protected. If all selected sectors are 
protected, the chip will toggle the toggle bit for about 100 
us and then drop back into read mode, having changed 
none of the data. 


Either CE or OE toggling will cause the DQ6 to toggle. In 
addition, an Erase Suspend/Resume command will 
cause DQ6 to toggle. 


See Figure 12 for the Toggle Bit timing specifications 
and diagrams. 


DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits (internal pulse count). Under 
these conditions DQ5 will produce a “1”. This is a failure 
condition which indicates that the program or erase cy- 
cle was not successfully completed. Data Polling is the 
only operating function of the device under this condi- 
tion. The CE circuit will partially power down the device 
under these conditions (to approximately 2 MA). The OE 
and WE pins will control the output disable functions as 
described in Table 2. 


If this failure condition occurs during sector erase opera- 
tion, it specifies that a particular sector is bad and it may 
not be reused. However, other sectors are still functional 
and may be used for the program or erase operation. 
The device must be reset to use other sectors. Write the 
Reset command sequence to the device, and then exe- 
cute program or erase command sequence. This allows 
the system to continue to use the other active sectors in 
the device. 


If this failure condition occurs during the chip erase op- 
eration, it specifies that the entire chip is bad or combi- 
nation of sectors are bad. 


lf this failure condition occurs during the byte program- 
ming operation, it specifies that the entire sector con- 
taining that byte is bad and this sector may not be 
reused, (other sectors are still functional and can 
be reused). 


The DQ5 failure condition may also appear if auser tries 
to program a non blank location without erasing. In this 
case the device locks out and never completes the 
Embedded Algorithm operation. Hence, the system 
never reads a valid data on DQ7 bit and DQ6 never 
stops toggling. Once the device has exceeded timing 
limits, the DQ5 bit will indicate a “1.” Please note that this 
is not a device failure condition since the device was 
incorrectly used. 


DQ3 
Sector Erase Timer 


After the completion of the initial sector erase command 
sequence the sector erase time-out will begin. DQ3 will 
remain low until the time-out is complete. Data Polling 
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and Toggle Bit are valid after the initial sector erase 
command sequence. 


If Data Polling or the Toggle Bit indicates the device has 
been written with a valid erase command, DQ3 may be 
used to determine if the sector erase timer window is still 
open. If DQ3 is high (“1”) the internally controlled erase 
cycle has begun; attempts to write subsequent com- 
mands to the device will be ignored until the erase op- 
eration is completed as indicated by Data Polling or 
Toggle Bit. If DQ3 is low (“0”), the device will accept ad- 
ditional sector erase commands. To insure the com- 
mand has been accepted, the system software should 
check the status of DQ3 prior to and following each sub- 
sequent sector erase command. If DQ3 were high on 
the second status check, the command may not have 
been accepted. 


Refer to Table 8: Hardware Sequence Flags. 


RY/BY 
Ready/Busy 


The Am29F400 provides a RY/BY output pin as away to 
indicate to the host system that the Embedded™ Algo- 
rithms are either in progress or completed. If the output 
is low, the device is busy with either a program or erase 
operation. If the output is high, the device is ready to ac- 
cept any read/write or erase operation. When the RY/BY 
pin is low, the device will not accept any additional pro- 
gram or erase commands. If the Am29F 400 is placed in 
an Erase Suspend mode, the RY/BY output will be high. 
Also, since this is an open drain output, many RY/BY 
pins can be tied together in parallel with a pullup resistor 
to Vcc. 


During programming, the RY/BY pin is driven low after 
the rising edge of the fourth WE pulse. During an erase 
operation, the RY/BY pin is driven low after the rising 
edge of the sixth WE pulse. The RY/BY pin should be 
ignored while RESET is at Vi. Refer to Figure 13 fora 
detailed timing diagram. 


RESET 
Hardware Reset 


The Am29F400 device may be reset by driving the 
RESET pin to Vi_. The RESET pin has a pulse require- 
ment and has to be kept low (Vi_) for at least 500 ns in 
order to properly reset the internal state machine. Any 
operation in the process of being executed will be termi- 
nated and the internal state machine will be reset 20 us 
after the RESET pin is driven low. Furthermore, once 
the RESET pin goes high, the device requires an 
additional 50 ns before it will allow read access. When 
the RESET pin is low, the device will be in the standby 
mode for the duration of the pulse and all the data output 
pins will be tri-stated. If a hardware reset occurs during a 
program or erase operation, the data at that particular 
location will be corrupted. Please note that the RY/BY 














output signal should be ignored during the RESET 
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pulse. Refer to Figure 14 for the timing diagram. Refer to 
Temporary Sector Unprotect for additional functionality. 


Byte/Word Configuration 


The BYTE pin selects the byte (8-bit) mode or word 
(16 bit) mode for the Am29F400 device. When this pinis 
driven high, the device operates in the word (16 bit) 
mode. The data is read and programmed at 
DQ0-DQ15. When this pin is driven low, the device op- 
erates in byte (8 bit) mode. Under this mode, the 
DQ15/A-1 pin becomes the lowest address bit and 
DQ8-DQ14 bits are tristated. However, the command 
bus cycle is always an 8-bit operation and hence com- 
mands are written at DQ0—DQ7 andthe DQ8-DQ15 bits 
are ignored. Refer to Figures 15 and 16 for the timing 
diagram. 


Data Protection 


The Am29F400 is designed to offer protection against 
accidental erasure or programming caused by spurious 
system level signals that may exist during power transi- 
tions. During power up the device automatically resets 
the internal state machine in the Read mode. Also, with 
its control register architecture, alteration of the memory 
contents only occurs after successful completion of spe- 
cific multi-bus cycle command sequences. 


The device also incorporates several features to pre- 


vent inadvertent write cycles resulting from Vcc power- 
up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vec < Viko, the command 
register is disabled and all internal progranverase cir- 
cuits are disabled. Under this condition the device will 
reset to the read mode. Subsequent writes will be ig- 
nored until the Vcc level is greater than VLko. It is the 
users responsibility to ensure that the control pins are 
logically correct to prevent unintentional writes when 
Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 5 ns (typical) on OE, CE or WE 
will not initiate a write cycle. 


Logical Inhibit 
Writing is inhibited by holding any one of OE = Vi, 


CE = Vin or WE = Vin. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi. and OE=Vin 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 
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Write Program Command Sequence 
(see below) 


Data Poll Device 


Last Address 
? 


Yes 
Programming Completed 


Program Command Sequence (Address/Command): 


5555H/AAH 


2AAAH/5S5H 










Increment Address 







5555H/A0H 
Program Address/Program Data 


Figure 1. Embedded Programming Algorithm 
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Table 9. Embedded Programming Algorithm | 


Bus Operations Command Sequence [comments 
Standby (Note 1) ne ee, S| 
Writ Valid Addrese/Data Sequence 


Rac DY aa tng to Ver : 


Data Polling to Verify Programming 
Standby (Note 1) 
1. Device is either powered-down, erase inhibit or program inhibit. 










Compare Data Output to Data Expected 
Note: 
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; Write Erase Command Sequence 
(see below) 
Data Polling or Toggle Bit 
Successfully Completed 


Erasure Completed 






Chip Erase Command Sequence Individual Sector/Multiple Sector 
(Address/Command): Erase Command Sequence 
(Address/Command): 


5555H/AAH 


| 










2AAAH/55H 


5555H/80H 


5555H/AAH 






2AAAH/S5H 






Sector Address/30H 





Sector Addrass/30H Additional sector 
erase commands 
are optional 

Sector Address/30H 

18612A-9 


Figure 2. Embedded Erase Algorithm 





Table 10. Embedded Erase Algorithm | 


Bus Operations Command Sequence 
ae aa ae 


Wit ease 
Read a Data Polling to Verify Erasure . 
Standby (Note 1) | Mee eee Compare Output to FFH 


Note: 
1. Device is either powered-down, erase inhibit or program inhibit. 
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VA = Byte address for programming 

= Any of the sector addresses within the 
sector being erased during sector erase 
operation 

= XXXXH during chip erase 









Read Byte 
(DQ0-DQ7) 
Addr=VA 





Read Byte 
(DQ0-DQ7) 
Addr=VA ° 


18612A-10 


. DQ7 is rechecked even if DQ5 = “1” because DQ7 may change simultaneously with DQS. 


Figure 3. Data Polling Algorithm 
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Read Byte VA = Byte address for programming 
(DQ0-DQ7) = any of the sector addresses within the 
Addr=VA sector being erased during sector erase 
operation 
= XXXXH during chip erase 
= any address not within the sector in the 
process of an Erase Suspend operation. 


DQ6=Toggle 
? 








Read Byte 
(DQ0-DQ7) 
Addr=VA 






Note: 18612A-11 


1. DQ6 is rechecked even if DQ5 = “1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Figure 4. Toggle Bit Algorithm 


20 ns 20 ns 


+0.8 V 
—0.5V 


18612A-12 


20 ns 
Figure 5. Maximum Negative Overshoot Waveform 
20 ns 
Vcc + 2.0 V 
Vec + 0.5 V 
2.0 V 
20 ns 20 ns 18612A-13 


Figure 6. Maximum Positive Overshoot Waveform 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 

Ceramic Packages ............. —65°C to +150°C 
Plastic Packages ............... —65°C to +125°C 
Ambient Temperature 

with Power Applied ............. —55°C to +125°C 
Voltage with Respect to Ground 

All pins except A9 (Note 1) ....... —-2.0Vto+7.0V 
Veo(NOIG: 1) 2645 ae ese eee —2.0Vto+7.0V 
AS (NOE 2) ce nd ee aes blabas —2.0V to +14.0V 
Output Short Circuit Current (Note 3) ...... 200 mA 
Notes: 


1. Minimum DC voltage on input or I/O pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on output and 
VO pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20ns. 


2. Minimum DC input voltage on AY pin is —0.5 V. During volt- 
age transitions, A9 may overshoot Vss to ~2.0 V for peri- 
ods of up to 20 ns. Maximum DC input voltage on A9 is 
+13.5 V which may overshoot to 14.0 V for periods up to 
20 ns, 


3. No more than one output shorted at atime. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 
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OPERATING RANGES 
Commercial (C) Devices . 


Case Temperature (Tc) ............ 0°C to +70°C 
Industrial (i) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vec for Am29F400T/B-75 ....... +4.75 V to +5.25 V 


Vcc for Am29F400T/B-90, 120 ... +4.50 V to +5.50 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS 
TTL/NMOS Compatible 


Parameter 
Symbol Parameter Description Test Conditions 


| po Input Load Current Vin = Vssto Vcc, Vcc = Vcc Max al 
AQ Input Load Current Vcc = Vcc Max, A9 = 12.5 V oo 
Fite: | Output Leakage Current VouT = Vssto Vcc, Vcc = Vcc Max P| 81.0 








| Byte | te 
Icc1 Vcc Active Current (Note 1) CE = Vit, OE = Vin a 
| Word | 


Vcc Standby Current Vcc = Vcc Max, CE = Vin, OE = Vin 








Input High Level 2.0 Vec V 
+ 0.5 
Voltage for Autoselect Vcc =5.0V 12.5 V 
and Sector Protect 
= Output Low Voltage lo. = 5.8 mA, Vcc = Vcc Min in V 


Output High Level IOH = —2.5 mA Vcc = Vcc Min c.3 ae ee 


Notes: 





1. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). 
The frequency component typically is less than 2 mMA/MHz, with OE at Vin. 


2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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DC CHARACTERISTICS (continued) 
CMOS Compatible 


Sa | moun [cee [ws [Lo 
—_ Parameter Description Test Conditions 
Tir [evesiescone | veeinoeney [fo 


—_ ee Active Current (Note 1) CE = Vil, OE = VIH ne EE 
ae a 


Vcc Active Current (Notes 2, 3) CE = Vit, OE = VIH Sco | om | 


Voc Standby Current Voc = Veo Max, GE = Voc +05 V, L | yA 
OE = VIH 


a Input Low Leva re 
Input High Level 0.7x Vcc V 
Vcc +0.3 
Voltage for Autoselect Vec = 5.0 V 12.5 V 
and Sector Protect 


Output Low Voltage loL = 5.8 mA, Vcc = Vcc Min 


loH = —2.5 mA, Voc = Vcc Min 0.85 


loH = —100 pA, Vec = Vcc Min Vcc - 


















Notes: 


1. The Icc current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). 
The frequency component typically is less than 2 mA/MHz, with OE at Vin. 


2. Icc active while Embedded Algorithm (program or erase) is in progress. 
3. Not 100% tested. 
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AC CHARACTERISTICS 
- Read Only Operations Characteristics 


[| . Serene | 
S | Sees 75 -90 -150 
JEDEC Standard Description Test Setup (Note 1) | (Note 2) (Note 2) 


tavav | tacc Address to Output Delay CE = Vit Max 120 
OE = Vit 


tGLav Output Enable to 
Output Delay 

tEHOZ Chip Enable to Output 
High Z (Note 3, 4) 











Output Enable to Output Max CeLAE 


High Z (Note 3, 4) 


Output Hold Time From Min 
Addresses, CE or OE, 


Whichever Occurs First 






















tReady RESET pin low to read Max 
mode 

tELFL CE to BYTE switching low Max 

tELFH or high 

Notes: 

1. Test Conditions: 2. Test Conditions: 3. Output driver disable time. 
Output Load: 1 TTL gate and 30 pF Output Load: 1 TTL gate and 100 pF 4. Not 100% tested. 
Input rise and fall times: 5 ns Input rise and fall times: 20 ns 
Input pulse levels: 0.0 V to 3.0 V Input pulse levels: 0.45 V to 2.4 V 
Timing measurement reference level Timing measurement reference level 

Input: 1.5 V Input: 0.8 and 2.0 V 
Output: 1.5 V Output: 0.8 and 2.0 V 
5.0 V 
IN3064 
or Equivalent > 2.7 kQ 
Device 
Under 
Test 
Diodes = IN3064 
or Equivalent 
Notes: 


For -70: Ct = 30 pF including jig capacitance = 
P a on 18612A-14 


For all others: Ct = 100 pF including jig capacitance 


Figure 7. Test Conditions 
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AC CHARACTERISTICS 
ee Operations 


Parameter erent 
iow [ve [wee inem fm 


Pee toes Output Enable Setup Time (3 
rate Output Enable | e234 oe 3) 
1OEH 


Hold Time Toggle and Data Polling (3) | Min 


tWHWH2 Erase Operation (1 

tvcs Vcc Set Up Time (3 

tVLHT Voltage Transition Time (2, 3, 5) 
tWPP Write Pulse Width (2 


twPP2 Write Pulse Width (5) 
toESP OE Setup Time to WE Active (2, 3, 5) Min 


tcsP CE Setup Time to WE Active (3 


RESET Pulse Width 
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tFLQZ BYTE Switching Low to Output High Z (3, 4) | Max 


Program/Erase Valid to RD/BY Delay (3 
Notes: 


1. This does not include the preprogramming time. 


{BUSY 


—s 
© 
—_ 
oO 
—_ 
oO 


=i =. 





These timings are for Sector Protect operation. 
Not 100% tested. 
Output Driver Disable Time. 


A Rw 


These timings are for Sector Unprotect operation. 
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WAVEFORM 





SWITCHING WAVEFORMS 


Addresses 


WE . 
(tCE) . 
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Figure 8. AC Waveforms for Read Operations 
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Notes: {CE 
PA is address of the memory location to be programmed. 18612A-16 


PD is data to be programmed at byte address. 
DQ7 is the output of the complement of the data written to the device. 
DouT is the output of the data written to the device. 


Figure indicates last two bus cycles of four bus cycle sequence. 


Oa RQ WH > 


These waveforms are for the x16 mode. 


Figure 9. Program Operation Timings 
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Notes: 
1. SA is the sector address for Sector Erase. Addresses = don't care for Chip Erase. 
2. These waveforms are for the x16 mode. 
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Figure 10. AC Waveforms Chip/Sector Erase Operations 
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*DQ7=Valid Data (The device has completed the Embedded operation). 18612A-18 


Figure 11. AC Waveforms for Data Polling During Embedded Algorithm Operations 
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toES 


Data DQ6= DQ0-DQ7 
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18612A-19 


Note: 
*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 12. AC Waveforms for Toggle Bit During Embedded Algorithm Operations 
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Figure 13. RY/BY Timing Diagram During Program/Erase Operations 


=~) — 


mer TRY 


RESET 


: tAP 
i] 
18612A-21 
(—- treacy ——— 

L) 





Figure 14. RESET/RY/BY Timing Diagram 
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BYTE 
tELFL 
tELFH 1 
be Data Output Data Output 
Beware (DQ0-DQ14) (DQ0-DQ7) 


-~—- 


DQ15/A-1 pais \ Address 
Output Input 


i] 
; 
i] 
I ' 
tFLOZ ™ | 18612A-22 


Figure 15. BYTE Timing Diagram for Read Operation 


CE \ / 
' —— , 
—*» The falling edge of the last WE signal 





BYTE | 


t ‘ t 
tsetse > 
(tas) tHOLD (tAH) — 18612A-23 





Figure 16. BYTE Timing Diagram for Write Operations 
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Activate WE Pulse 
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Power Down OE 
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AQ should remain Vip 
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Figure 17. Sector Protection Algorithm 
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SAx = Sector Address for initial sector 
SAy = Sector Address for next sector 18612A-25 


Figure 18. AC Waveforms for Sector Protection 
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Protect All Sectors 
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__Set OE = AQ = Vip 
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A6 = 1, A1A0 = 10 
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from Device 










Increment 
PLSCNT 









No 
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Device 
Failed 






Sector 
Addr = SA10 
? ; 


Notes: 
SAO = Sector Address for initial sector 


Yes 
Remove Vip 
from AQ 
Sector Unprotect 
Complete 


_SA10 = Sector Address for last sector 





Please refer to Table 4 for details. 18612A-26 





| Figure 19. Sector Unprotect Algorithm 





Am29F400T/Am29F400B 1-145 


ON ano PRELIMINARY 
SWITCHING WAVEFORMS 


A17. , 
§ 





tVLHT tVLHT ——_ 


twPP § 





Execute Auto Select 18612A-27 
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Figure 20. AC Waveforms for Sector Unprotect 
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AC CHARACTERISTICS 


Write/Erase/Program Operations 
Alternate CE Controlled Writes 


Parameter Symbols 
JEDEC| Standard | Description -70 
t 


ne eee ain oo eo eee 
in 










WC 
cam [ww [Ateneo Tine in| os | 
ox [tor [eaten time —*d 
[ces | pa ate Soup fw ———| 


tOEH Output Enable Read (4) Min | 
Hold Time (4) —_| Toggle and Data Polling | Min 


tGHEL Read Recover Time Before Write 


ne el Wr 
so [30 [0 [90 [sec 

ESET Pulse Wat win | s00 | 500 | 500 | 500 | ns 
[ince [BTESvicinglowwoumurionz@o[wan[ 2 [| 2 | 90 | 
[usr | Posrantiese vaiswonoavoeay 9 [wal 30 [= [so [| | 
Notes: | 


1. This does not include the preprogramming time. 















2. These timings are for Sector Protect/Unprotect operations. 
3. This timing is only for Sector Unprotect. 
4, Not 100% tested. 
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Data Polling 





Addresses 


tWHWH1 


Co (icp =) —( moan) 
5.0 V —_—.———-$>SXS 


18612A-28 
Notes: 
PA is address of the memory location to be programmed. 
PD is data to be programmed at byte address. 
DQ7 is the output of the complement of the data written to the device. 
Dout is the output of the data written to the device. 
Figure indicates last two bus cycles of four bus cycle sequence. 
These waveforms are for the x16 mode. 
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Figure 21. Alternate CE Controlled Program Operation Timings 
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Parameter eee ra ae tae 
Chip and Sector Erase Time 15 30 sec Excludes 00H programming 
(Note 1) priorto erasure. 
Byte Programming Time 16 1000 Us _ Excludes system-level overhead . 
(Note 2) 
haa! 7 


Chip Programming Time 8.5 5 Excludes system-level overhead 
(Note 1) 


Notes: 
1. 25°C,5 V Vcc, 100,000 cycles 
2. The Embedded Algorithms allow for 48 ms byte program time. 



















Cycles 








LATCHUP CHARACTERISTICS 


Voo+ 10 
Vec Current —100 mA +100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin ata time. 








TSOP PIN CAPACITANCE 


ee 
Symbol Parameter Description Test Setup 
a a 


Notes: 
1. Sampled, not 100% tested. 


2. Testconditions Ta = 25°C, f = 1.0 MHz 












SO PIN CAPACITANCE 


Parameter 
| Symbol Parameter Description Test Setup 


| 0 










Notes: | 
1. Sampled, not 100% tested. 


2. Test conditions Ta = 25°C, f = 1.0 MHz 





DATA RETENTION 7 


Test Conditions | Min { __Unit__ 
Minimum Pattern Data Retention Time 150°C 
125°C 
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ADVANCE INFORMATION: 


Am29F016 


16-Megabit (2,097,152 x 8-Bit) CMOS 5.0 Volt-only, 


Sector Erase Flash Memory 


_ DISTINCTIVE CHARACTERISTICS 
M@ 5.0V + 10% read, write, and erase 
— Minimizes system level power requirements 
@ Compatible with JEDEC-standard commands 
— Pinout and software compatible with single- 
supply Flash 
@ 48-pin TSOP pinout 
@ Minimum 100,000 write/erase cycies 
@ High performance 
— 90 ns maximum access time — 
m Sector erase architecture 
— Uniform sectors of 64 Kbytes each 
— Any combination of sectors can be erased. 
Also supports full chip erase 
GE Embedded Erase Algorithms 
— Automatically pre-programs and erases the 
chip or any sector 
@ Embedded Program Algorithms 


— Automatically writes and verifies data at 
specified address 


GENERAL DESCRIPTION 


The Am29F016 is a 16 Mbit, 5.0 V-only Flash memory 
organized as 2 Mbytes of 8 bits each. The 2 Mbytes of 
data is organized in 32 sectors of 64 Kbytes for flexible 
erase Capability. The 8 bits of data will aoppear on DQ0- 
DQ7. The Am29F016 is offered in a 48-pin TSOP pack- 
age. This device is designed to be programmed 
in-system with the standard system 5.0 V Vcc supply. 


12.0 V Vpp is not required for write or erase operations. 
The device can also be reprogrammed in standard © 


EPROM programmers. 


The standard Am29F016 offers access times between 
90 ns, 120 ns, and 150 ns allowing operation of high- 
speed microprocessors without wait states. To 
eliminate bus contention the device has separate chip 


enable (CE), write enable (WE), and output enable (OE) 
controls. 


The Am29F016 is entirely command set compatible with 
JEDEC standard single-supply Flash. Commands are 
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1-150 is intended to help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed 


product without notice. 
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™@ Data Polling and Toggle Bit feature for 
detection of program or erase cycle 
completion 

m Ready/BUSY output 


~~ Hardware method for detection of program or 
erase cycle completion 


Hi Erase Suspend Resume 


— This feature supports reading or programming 
data to a non-busy sector 


@ Low power consumption 


— 30 mA maximum active read current 
— 60 mA maximum write/erase current 
— 1A typical standby current 

@ Low Vcc write inhibit < 3.2 V 

Block protection 


— Hardware method that disables any combina- 
tion of blocks from write or erase operations 


@ Hardware RESET pin . 
— Resets internal state machine to the read mode 


written to the command register using standard 
microprocessor write timings. Register contents serve 
as input to an internal state-machine which controls the 
erase and programming Circuitry. Write cycles also in- 
ternally latch addresses and data needed for the pro- 
gramming and erase operations. Reading data out of 
the device is similar to reading from 12.0 V Fiash or 
EPROM devices. 


The Am29F016 is programmed by executing the pro- 
gram command sequence. This will invoke the Embed- 
ded Program algorithm which is an internal algorithm 
that automatically times the program pulse widths and 
verifies proper cell margin. Erase is accomplished by 
executing the erase command sequence. This will in- 
voke the Embedded Erase algorithm which is an internal 
algorithm that automatically preprograms the array if itis 
not already programmed before executing the erase op- 
eration. During erase, the device automatically times 
the erase pulse widths and verifies proper cell margin. 
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GENERAL DESCRIPTION 


This device also features a sector erase architecture. 
The sector mode allows for sectors of memory to be 
erased and reprogrammed without affecting other sec- 
tors. A sector is typically erased and verified within 
1 second. The Am29F016 its erased when shipped from 
the factory. 


The Am29F016 device also features hardware block 
protection. This feature will disable both program and 
erase operations in any combination of eight blocks of 
memory. A block consists of four adjacent sectors 
grouped in the following pattern: sectors 0-3, 4-7, 
8-11, 12-15, 16-19, 20-23, 24-27, and 28-31. 


AMD has implemented an Erase Suspend feature that 
enables the user to put erase on hold for any period of 
time to read data or program data to a non-busy sector. 
Thus, true background erase can be achieved. 


The device features single 5.0 V power supply operation 
for both read and write functions. Internally generated 
and regulated voltages are provided for the program 
and erase operations. A low Vcc detector automatically 
inhibits write operations on the loss of power. The endof 


program or erase is detected by the Ready/BUSY pin, 
Data Polling of DQ7 or by the Toggle Bit feature on DQ6. 
Once the end of a program or erase cycle has been 
completed, the device internally resets to the read 
mode. 





The Am29F016 also has a hardware RESET pin. When 
this pin is driven low, execution of any Embedded Pro- 
gram or Embedded Erase operations will be terminated. 
The internal state machine will then be reset into the 
read mode. The RESET pin may be tied to the system 
reset input. Therefore, if a system reset occurs during 
the Embedded Program or Embedded Erase operation, 
the device will be automatically reset to a read mode. 
This will enable the system microprocessor to read the 
boot-up firmware from the Flash memory. 





AMD's Flash technology combines years of EPROM 
and E?PROM experience to produce the highest levels 
of quality, reliability and cost effectiveness. The 
Am29F016 memory electrically erases all bits within a 
sector simultaneously via Fowler-Nordheim tunneling. 
The bytes are programmed one byte at a time using the 
EPROM programming mechanism of hot electron 
injection. 
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Family Part No. 


Ordering Part No: 


Max Access Time (ns) a OO se OOo IO 







CE (E) Access (ns) 
OE (G) Access (ns) | ee ees ee ee 


CONNECTION DIAGRAMS 
16 Mbit Pinout 


NC 1 NC 
NC 2 O NC 
A19 3 A20 
A18 4 NC 
A17 5 WE 
Ais CI 6 OE 
A15 7 RY/BY 
Ai4 8 DQ7 
A13 9 DQ6 
A12 DQ5 
CE DQ4 
Voc Vcc 
NC Vss 
RESET Vss 
Alt DQ3 
A10 DQ2 
AQ DQ 
A8 DQO 
A7 AO 
A6 Al 
A5 A2 
A4 A3 
NC NC 
NC NC 





Standard TSOP 


<q 





Reverse TSOP . 18805A-2 
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PIN CONFIGURATION LOGIC SYMBOL 

A0-A20 = 21 Addresses 

DQ0-DQ7 = 8 Data Inputs/Outputs 

NC = Pin Not Connected DQ0-DQ7 
CE = Chip Enable 

OE = Output Enable 

WE = Write Enable 

RESET = Hardware Reset Pin, Active Low 

RYIBY ° = Ready/BUSY Output 

Vecc = +5 V Supply (£10% V) 

Vss = Device Ground 18805A-3 
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12.0 Volt, Bulk Erase Flash Memories 


fae ZI 


Am28F256 


256 Kilobit (32,768 x 8-Bit) CMOS 12.0 Volt, 


Bulk Erase Flash Memory 


DISTINCTIVE CHARACTERISTICS 
M@ High performance 
— 70 ns maximum access time 
m@ CMOS Low power consumption 
— 30 mA maximum active current 
— 100 nA maximum standby current 
— No data retention power consumption 
™ Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 
— 32-pin DIP 
— 32-pin PLCC 
— 32-pin TSOP 
— 32-pin LCC 
M 10,000 write/erase cycles minimum 
@ Write and erase voltage 12.0 V +5% 


GENERAL DESCRIPTION 


The Am28F256 is a 256K Flash memory organized as 
32K bytes of 8 bits each. AMD’s Flash memories offer 
the most cost-effective and reliable read/write non- vola- 
tile random access memory. The Am28F256 is pack- 
aged in 32-pin PDIP, PLCC, and TSOP versions. The 
device is also offered in the ceramic LCC package. It is 
designed to be reprogrammed and erased in-system or 
in standard EPROM programmers. The Am28F256 is 
erased when shipped from the factory. 


The standard Am28F 256 offers access times as fast as 
70 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 


the Am28F256 has separate chip enable (CE) and out-— 


put enable (OE) controls. 


AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F256 uses a command register to manage this 
functionality, while maintaining a standard JEDEC 
Flash Standard 32-pin pinout. The command register al- 
lows for 100% TTL level control inputs and fixed power 
supply levels during erase and programming. 


AMD's Flash technology reliably stores memory 
contents even after 10,000 erase and program cycles. 
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@ Latch-up protected to 100 mA 
from —1 V to Vec +1 V 


@ Flasherase Electrical Bulk Chip-Erase 
— One second typical chip-erase 

@ Flashrite Programming 
— 10 us typical byte-program 
— 0.5 second typical chip program 

B Command register architecture for 


microprocessor/microcontroller compatible 
_ write interface 


@ On-chip address and data latches 

m@ Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 

#@ Automatic write/erase pulse stop timer 


The AMD cellis designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F256 uses a 
12.0V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 


The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up 
protection is provided for stresses up to 100 milliamps 
on address and data pins from —1 V to Vcc +1 V. 


The Am28F256 is byte programmable using 10 ps pro- 
gramming pulses in accordance with AMD’s Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F256 is a half a second. 
The entire chip is bulk erased using 10 ms erase pulses 
according to AMD’s Flasherase alrogithm. Typical era- 
sure at room temperature is accomplished in less than 
one second. The windowed package and the 15-20 
minutes required for EPROM erasure using ultra-violet 
light are eliminated. 
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GENERAL DESCRIPTION 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F256 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 


BLOCK DIAGRAM 
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° — | | — 
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tate 
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Erase 


CE whichever occurs first. To simplify the following dis- 
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 


AMD's Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F256 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are 
programmed one byte at a time using the EPROM pro- 
gramming mechanism of hot electron injection. 
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Latch 262,144 
X-Decoder Bit 
. Cell Matrix 


Am28F256 


#5% VocTolerance | 75 | 958 | 


Max Accoss Time (ns) | 70 | so] tao | 150 | 200 | 250 
SE (F) Access (ns) [7 | 90 | 120 | 150 200 *+| 250 
SE (G) Access (rs) 
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Family Part No.: 
Ordering Part No.: 


+10% Vcc Tolerance 
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CONNECTION DIAGRAMS | 
DIP PLCC* 





11560E-2 


Note: Pin 1 is marked for orientation. 
*Also available in LCC. 
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TSOP PACKAGES 
Ait 1O OE 
AQ 2 Aid 
A8 3 CE 
A13 4 D7 
A14 5 D6 
NC 6 D5 
WE 4 D4 
Vcec 8 D3 
Vpp 9 Vss 
NC D2 
NC D1 
A12 Do 
A7 AO 
A6 Al 
A5 A2 
A4 A3 





28F256 Standard Pinout 





28F256 Reverse Pinout 11560E-4 


28F 256 32K x 8 Flash Memory in 32-Lead TSOP 





LOGIC SYMBOL 





A0-A14 


11560E-5 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


AM28F256 -7 


OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-ln 
TEMPERATURE RANGE 
Commercial (0°C to +70°C) 
Industrial (-40°C to + 85°C) 
Extended (-55°C to + 125°C) 
PACKAGE TYPE 
32-Pin Plastic DIP (PD 032) 
32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLR 032) 
= 32-Pin TSOP Standard Pinout (TS 032) 
= 32-Pin TSOP Reverse Pinout (TSR 032) 
SPEED 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am28F256 
256 Kilobit (32K x 8-Bit) CMOS Flash Memory 


m—-OQ 
Hou wl 


ao) 
uoodl 


71m fF 


Valid Combinations Valid Combinations 


: Valid Combinations list configurations planned to 
oe PC, JC, LC, be supported in volume for this device. Consult 
Am28F256-90 EC, FC the local AMD sales office to confirm availability of 
Am28F256-95 specific valid combinations and to check on newly. 
released combinations. 


Am28F256-120 | PC, Pl, PE, PEB, 
Am28F 256-150 JC, Jl, JE, JEB, 


Am28F256-200 | LC, LI, LE, LEB, 
EC, FC, EI, FI, 


EE, FE, EEB, FEB 
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PIN DESCRIPTION 


AQ-A14 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


CE (E) 

The Chip Enable active low input activates the chip’s 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 


DQ0-DQ7 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G) 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. | 


Vec 
Power supply for device operation. (5.0 V+ 5% or 10%) 


Vpp 

Power supply for erase and programming. Vpp must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vss 
Ground 


WE (W) 


The Write Enable active low input controls the write 


function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 


on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F256 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0 V +5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F 256 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Ver pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F256’s command register is written using 
standard microprocessor write timings. The register 
— controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F256 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Datais latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Flasherase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: The Flash memory array must be completely pro- 
grammed to 0's prior to erasure. Refer to the Flashrite 
Algorithm. 


1. Erase Set-Up: Write the Set-up Erase command to 
the command register. 


2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 
The second command initiates the erase operation. 


The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. An integrated stop timer prevents 
any possibility of overerasure. 


3. Erase-Verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc- 
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


lf data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 
1000 times. 


Flashrite Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify commana) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Program Set-Up: Write the Set-up Program com- 
mand to the command register. 


2. Program: Write the Program command to the com- 
mand register with the appropriate Address and 
Data. The system software routines must now time- 
out the program pulse width (10 us) prior to issuing 
the Program-verify command. An integrated stop 
timer prevents any possibility of overprogramming. 


3. Program-Verify: Write the Program-verify com- 
mand to the command register. This command ter- 
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi- 
ated again for the next byte address to be 
programmed. 


lf data is not verified successfully, the Program se- 
quence is repeated until a successful comparison is 
verified or the sequence is repeated 25 times. 
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Data Protection 


The Am28F256 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F256 powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting fromVcc 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command 
register is disabled and all internal progranverase cir- 
cuits are disabled. The device will reset to the read 


FUNCTIONAL DESCRIPTION 
Description Of User Modes 


mode. Subsequent writes will be ignored until the Vcc 
level is greater than Viko. It is the users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing is inhibited by holding any one of OE = Vit, CE = 
Vin or WE = Vin. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi. and OE = Vin 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 


Table 1. Am28F256 User Bus Operations 






| Output Disable sd Disable 


Legend: 


Operation oe of WE Vee 
Pp : (E) (G) (Ww) | (Note 1) 
Sens) ters 


Read-Only Auto-select Manufacturer VPPL VIL Vip CODE 
Code (Note 2) (Note 3){ (01H) 
Auto-select Device Code VPPL VIH VID CODE 
(Note 2) (Note 3)] (A1H) 
Read VIL VIL VIH VPPH AO A9 Dout 
(Note 4) 
Read/Write 


Write VIL VIH Vit VPPH AO DIN 
(Note 6) 





re eS 







X = Don’t care, where Don't Care is either Vit or Vin levels, VppL = Vpp < Vcc + 2 V, See DC Characteristics for voltage 
levels of VpPH, OV <An < Vcc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. Vpp_ may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written or erased. 


11.5<Vpn<13.0V 


Refer to Table 3 for valid Din during a write operation. 


N 2 OM KR WB ND 


addresses except Ag and Ao must be held at Vit. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 


Read operation with Vpp = VpPH may access array data or the Auto select codes. 


With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


All inputs are Don’t Care unless otherwise stated, where Don't Care is either Vit or Vin levels. In the Auto select mode all 
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READ ONLY MODE 

Vep < Veco +2V 

Command Register Inactive 
Read 


The Am28F256 functions as a read only memory when 
Vpp < Vcc +2 V. The Am28F256 has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 


to valid data at the output pins (assuming the addresses 
have been stable at least tacc-toe). 


Standby Mode 


The Am28F256 has two standby modes. The CMOS 
standby mode (CE input held at Vcc +0.5 V), consumes 
less than 100 pA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


lf the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 


Auto Select 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed ina PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address AQ. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from Vit to Vin. All other 
address lines must be held at Vi_, and Vep must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = ViL) represents the manufacturer 
code and byte 1 (AO = Vin) the device identifier code. For 
the Am28F256 these two bytes are given inthe table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 





Table 2. Am28F256 Auto Select Code 






Manufacturer Code | Vn { ot [ oo | 


Pe 9 eae 


aa 8 ae ae Oe a 
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ERASE, PROGRAM, AND READ MODE 


Vpp=12.0 V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vir, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


- The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If 
any pin is not in the correct state a write command will 
not be executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 3 
defines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The de- 
vice will remain in the read mode until the command 
register contents are altered. 


The command register defaults to 00H (read mode) 
upon Vpep power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Ver power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Am28F256 Command Definitions 





Command 
Read Memory (Note 6) 
Read Auto select 


Erase Set-up/EraseWrite 
(Note 4) 


Erase-Verify (Note 4) 


Program Set-up/ 
Program (Note 5) 


Program-Verify (Note 5) 
Reset (Note 6) 


Notes: 
1. Bus operations are defined in Table 1. 







x 


2. RA = Address of the memory location to be read. 


(Note 1) (Note 2) | (Note 3) (Note 1) (Note 2) (Note 3) 
roowFtH | Read | RA [RD 


RA 
0 PA | 
X 


i 
X 


C 


0 


2 
ool GA a hc La i 


H 
x 
H 
[Write |X| CoH Read 
H 







2 







EA = Address of the memory location to be read during erase-verify. 


PA = Address of the memory location to be programmed. 


X = Don't care. 


Addresses are latched on the falling edge of the WE pulse. 


3. AD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 


PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 


5. Figure 3 illustrates the Flashrite Programming Algorithm. 
6. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Flasherase and Flashrite 
Algorithms 


Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 
Erase Set-Up 


Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Erase Set-up operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
(Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt- 
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim- 
ing parameters. 


Note: The Flash memory device must be fully 
programmed to OOH data prior to erasure. This equal- 
izes the charge on all memory cells ensuring reliable 
erasure. 


_Erase-Verify Command 


The erase operation erases all bytes of the array in 
parallel. After the erase operation, all bytes must be 
sequentially verified. The Erase-verify operation is initi- 
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse 
or CE pulse, whichever occurs later. The rising edge of 
the WE pulse terminates the erase operation. 


Margin Verify 

During the Erase-verify operation, the Am28F256 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE or CE pulse, whichever occurs later. The 
process continues for each byte inthe memory array un- 
tila byte does not return FFH data or all the bytes in the 
array are accessed and verified. 


lfan address is not verified to FFH data, the entire chip is 
erased again (refer to Erase Set-up/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 4, the Flasherase - 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 
sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 
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uk Data = 00H 


NO 


Program All Bytes to OOH 
Apply Vern 


Address = 00H 
PLSCNT =0 







Write Erase Set-up Command 


Write Erase Command 
Time out 10ms 


Write Erase Verify Command 


Time out 6uS 


Read Data from Device 


: NO 
1000 PLSCNT 
YES | 


y 


YES 
Apply Veer NO 
Last Address Increment Address 
| YES 
Write Reset Command 
Apply Veec 
Erasure Completed 
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Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 


This Fiash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F256 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. 


Should the device be currently programmed, data other | 


than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the 


AMD cl 


device to their charged state (Data = OOH). This is 
accomplished using the Flashrite Programming algo- 
rithm. Erasure then continues with an initial erase op- 
eration. Erase verification (Data = FFH) begins at 
address 0000H and continues through the array to the 
last address, or until data other than FFH is encoun- 
tered. If a byte fails to verify, the device is erased again. 
With each erase operation, an increasing number of 
bytes verify to the erased state. Typically, devices are 
erased in less than 100 pulses (one second). Erase effi- 
ciency may be improved by storing the address of the 
last byte that fails to verify in a register. Following the 
next erase operation, verification may start at the stored 
address location. A total of 1000 erase pulses are al- 
lowed per reprogram cycle, which corresponds to ap- 
proximately 10 seconds of cumulative erase time. The 
entire sequence of erase and byte verification is per- 
formed with high voltage applied to the Vpp pin. Figure 1 
illustrates the electrical erase algorithm. 


Table 4. Flasherase Electrical Erase Algorithm 


Bus Operations Command 






Comments 


Entire memory must = 00H before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 3) for 
programming. 


Wait for Vpp ramp to VpPH (Note 1) 











Initialize: 






Standby 
Addresses 
PLSCNT (Pulse count) . 


Erase Set-Up 
' | Standby ee Duration of Erase Operation (twHWH2) 


Erase-Verify (Note 2) Address = Byte to Verify 


Data = AOH 
Standby Write Recovery Time before Read = 6 ps 













Stops Erase Operation 
ee! i 
Read SST SSS™*~*~*~S~S Cate vvovasure 
Lc = 
Increment pulse count 
fStandby — iad] Wait for Vpp ramp to VppL (Note 1) 


Notes: 


1. See DC Characteristics for value of VpPH or VppL. The Vep power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VePpL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 





2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 





Am28F 256 | 2-15 


£1 ano 





Section A B 











A 
Bus Cycle 






B C D 


Function | Erase Erase Erase Erase- Transition 
Set-up (10 ms) Verify (6us) 
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Figure 2. AC Waveforms For Erase Operations 


Analysis of Erase Timing Waveform 


Note: This analysis does not include the requirement to 
program the entire array to OOH data prior to erasure. 
Refer to the Flashrite algorithm. 


Erase Set-Up/Erase 


This analysis illustrates the use of two-cycle erase com- 
mands (section A and B). The first erase command 
(20H) is aset-up command and does not affect the array 
data (section A). The second erase command (20H) in- 
itiates the erase operation (section B) on the rising edge 
of this WE pulse. All bytes of the memory array are 
erased in parallel. No address information is required. 


The erase pulse occurs in section C. 


Time-Out 


A software timing routine (10 ms duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated stop timer prevents any possibility 
of overerasure by limiting each time-out period of 10 ms. 


Erase-Verify 


Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com- 
mand (AOH). This command terminates the erase op- 
eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


Another software timing routine (6 ws duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 
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During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re- 
peating sections D thru F until the entire array is verified 


or an address fails to verify. Should an address location © 


fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 
100 erase pulses are required. 


Note: All address locations must be programmed to 
OOH prior to erase. This equalizes the charge on all 
memory cells and ensures reliable erasure. 


Flashrite Programming Sequence 
Program Set-Up/Program Command 
Program Set-Up 


The Am28F256 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Program 
Set-up is the first of a two-cycle program command. It 
stages the device for byte programming. The Program 
Set-up operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 


~~ You must write the Program-verify command to termi- 


nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vep pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 


Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ- 
ously latched. No new information is required. 


Margin Verify 

During the Program-verify operation, the Am28F256 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original 
programmed data should be stored for comparison. 
Programming then proceeds to the next desired byte lo- 
cation. Should the byte fail to verify, reprogram (refer to 
Program Set-up/Program). Figure 3 and Table 5 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe- 
cific timing parameters. 


Flashrite Programming Algorithm 


The Am28F256 Flashrite Programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite Programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad- 
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op- 
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se- 


- quence of programming and byte verification is per- 


formed with high voltage applied to the Vpp pin. Figure 3 
and Table 5 illustrate the programming algorithm. 
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Figure 3. Flashrite Programming Algorithm 





Table 5. Flashrite Programming Algorithm 


Bus Operations Comments | 


Standby Wait for Vpp ramp to VpPH (Note 1) | 
Initialize pulse counter 
















Program Set-Up 
[Standby || uration of Programming Operation (wim) 


Standby a Write Recovery Time before Read = 6 ps 
Read | Read byte to verity programming 











-| Standby Compare data output to data expected | 
Reset Data = FFH, resets the register for read operations 
Standby oe Wait for Vpp ramp to VppL (Note 1) 


Notes: 
1. See DC Characteristics for value of VppH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, Vpp_ may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 


2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Figure 4. A.C. Waveforms for Programming Operations 





Analysis of Program Timing Waveforms 
Program Set-Up/Program 


Two-cycle write commands are required for program 
operations (section A and B). The first program com- 
mand (40H) is a set-up command and does not affect 
the array data (section A). The second program com- 
mand latches address and data required for program- 
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is 
programmed on a byte by byte basis either sequentially 
or randomly. 


The program pulse occurs in section C. 


Time-Out 


A software timing routine (10 Us duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated stop timer prevents any possibility 
of overprogramming by limiting each time-out period of 
10 ps. 


Program-Verify 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 
(COH). This command terminates the programming op- 
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6 us duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- 
sired address is programmed. Should a byte fail to ver- 
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 
25 program pulses perbyte. Typically, bytes are verified 
within one or two pulses. ; 
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Algorithm Timing Delays 


There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Vpp rise-time 
when Vpr first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vep, 
the delay required is proportional to the number of 
devices being erased and the 0.1 uF/device. Vep 
must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu- 
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse. 


3. A third delay time is required for each programming 
pulse width (10 ws). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 


the conclusion of the timing routine or prior to execut-_ 


ing any system interrupts that may occur during the 
programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re- 
covery time (6 us). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read 
operations. An attempt to read the device during this 
period will result in possible false data (it may appear 
the device is not properly erased or programmed). 


Note: 

Software timing routines should be written in machine 
language for each of the delays. Code written in ma- 
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 


Parallel Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified separately. When a device is com- 
pletely erased and verified use a masking code to pre- 
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-Up Sequence 


The Am28F256 powers-up in the Read only mode. 
Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The set-up Program command (40H) is the only com- 
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “O”). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. | 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 


Programming In-System 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Auto Select Command 


AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising A9 to a high voltage. However, multi- 
plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F256 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code A1H (see Table 2). To terminate the opera- 
tion, it is necessary to write another valid command, 
such as Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic Packages ............. —65°C to +150°C 
Plastic Packages ................ -65°C to +125°C 
Ambient Temperature 
with Power Applied ............ —55°C to + 125°C 


Voltage with Respect To Ground 


All pins except AQ and Veep (Note 1) -2.0 Vto +7.0 V 
Vec (Note 1) ............00008 -2.0V to +7.0 V 
AQ (Note 2) ..............000. -2.0V to +14.0 V 
Vpp (Note 2)...............05. —2.0 V to +14.0 V 
Output Short Circuit Current (Note 3) ...... 200 mA 


Notes: 


1. Minimum DC voltage on input or I/O pins is—0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 
and I/O pins is Vcc + 0.5 V. During voltage transitions, 
outputs may overshoot to Vcc + 2.0 V for periods up to 
20ns. 


2. Minimum DC input voltage on A9 and Vpp pins is -0.5 V. 
During voltage transitions, A9 and Vep may overshoot Vss 
to —2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on A9 and Vpp is + 13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) .......... -—40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vcc for AmM28F256—-X5 ......... +4.75 V to +5.25 V 
Vcc for AM28F256—-XX0 ........ +4.50 V to +5.50 V 
Vee Supply Voltages 

GAG? isk ce ets te etn cane —0.5V to +12.6 V 


Program, Erase, and Verify ..... +11.4Vto+12.6V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 













20ns 20 ns 
40.8V TAMA 
‘osv DAA vA 
a / S| 
20 ns 
11560E-10 
Maximum Positive Input Overshoot 
20 ns 
Voc +2.0V 
Veco +0.5V 
2.0V 
20 ns 20 ns 
11560E-11 
Maximum Vpp Overshoot 
20 ns 
140V eal 
13.5V TAAA\/VV/ VV VV 
oe SRR” |_| NRO 
20 ns 20 ns 
11560E-12 
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DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1—4) 
DC CHARACTERISTICS—TTL/NMOS COMPATIBLE 


Parameter 
wee Parameter Description Test Conditions 
Input Leakage Current Vcc . Vcc Max, 
Vin = Vcc or Vss 
Output Leakage Current Vcc . Vcc Max, +1.0 pA 
Vout = Vcc or Vss 
Iccs Vcc Standby Current Vcc . Vcc Max 
CE = ViH 
Icc1 Vcc Active Read Current Vcc . Vec Max,CE = Vit, OE = VIH 10 30 mA 
louT = O mA, at 6 MHz 
Icc2 Vcc Programming Current CE = VIL mA 
Programming in Progress (Note 4) 
Icc3 Vcc Erase Current CE = ViL 
Erasure in Progress (Note 4) 


IPPS Vpp Standby Current Vpp = VPPL as 
a a 
lpp2 Vpp Programming Current Vpp = VPPH 
Programming in Progress (Note 4) 
Vpp Erase Current Vpp = VPPH a 
Erasure in ee (Note 4) 


1} trp bow votage _ p05 | ___fos} v 


Input High Voltage 2.0 Vec 
+ 0.5 
VoL Output Low Voltage lo. . 5.8 mA 0.45 V 
Vcc. Vcc Min 
VOHt1 Output High Voltage IOH . ~2.5 mA 
Vcc - eg nat ete Min 


| Vio | Ag Auto Select Voltage |A9=Vo a 


AQ Auto Select Current AQ = Vip Max 
Vcc. Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are Vcc V 
Operations inhibited when Vpp = VpPL +2.0 
VPPH Vpp during Read/Write 12.6 
Operations 


Notes: 
1. Caution: the Am28F256 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 




















. lIec1 is tested with OE = Vix to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter 
Parameter Description Test Conditions 


Symbol 
Input Leakage Current Vcc . Vcc Max, 
Vin = Vecor Vss 


: rn | 
ILo Output Leakage Current Vcc . Vcc Max, 










LI 





VouT = Vcc or Vss 


Iccs Vcc Standby Current Vcc - Voc Max 
CE = Vec+0.5V 
lect Vcc Active Read Current Vcc . Voc Max,CE = Vit, OE = Vin 
louT = 0 mA, at 6 MHz 
Icc2 Vcc Programming Current CE = Vit 
Programming in Progress (Note 4) 
Icc3 Vec Erase Current _ CE = VIL 
Erasure in Progress (Note 4) 


Vpp Standby Current Veep = VpPL 
Vpp Read Current Vpp = VPPH 


IpP2 Vpp Programming Current Vpp = VPPH 
Programming in Progress (Note 4) 
Vpp Erase Current Vpp = VPPH 
Erasure in Progress (Note 4) 


Input High Voltage 0.7 Vcc Vec V 
+ 0.5 
VoL Output Low Voitage loL. 5.8 mA 
Vcc . Vec Min 


VoH1 





Vit 
VIH 









Output High Voltage 


VoH2 





VID 


AQ Auto Select Current AQ = Vip Max pA 
Vcc . Voc Max 
VPPL Vpp during Read-Only Note: Erase/ Program are Vcc V 
Operations inhibited when Vpp = VPPL + 2.0 
VPPH Vpp during Read/Write 11.4 12.6 V 
Operations 


1. Caution: the Am28F256 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 


Notes: 


Icc1 is tested with OE = Vix to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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lec Active 
in mA 





0 1 2 3 4 5 6 4 8 9 10 .—s 11 12 
Frequency in MHz 


11560E-13 


Figure 5. Am28F256—Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 





Am28F256 2-25 


cl AMD 
PIN CAPACITANCE 


Symbol Parameter Description Test Conditions Typ 
Pen | wputcapsctece | wo SCSC~dSC 
| Cour | Ouipurcapacitance | Vour=0 | 
| cre | VerinputCapacttance | vepwo | 


Notes: 
1. Sampled, not 100% tested. 


2. Testconditions Ta = 25°C, f = 1.0 MHz 











SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1-4) 


Parameter Am28F256 
Symbols 
JEDEC Parameter Description ) 
tAVAV tRC Read Cycle Time : Min 70 
(Note 4) Max 
tELQV tCE Chip Enable Min 
Access Time Max 70 
tavav tacc Address Min 
Access Time Max 70 
tGLav tOE Output Enable Min 
Access Time Max 35 35 50 
tELQXx tLz Chip Enable to 
Output in Low Z (Note 4) 
tEHQZ tOF Chip Disable to Min 
Output in High Z (Note 3) Max 20 20 30 
tGLax tOLz Output Enable to 
Output in Low Z (Note 4) 
Output Disable to 


Output in High Z (Note 4) 


taxax tOH Output Hold from first of 
Address, CE, or OE Change 
(Note 4) 
Gl 
Lae 


Notes: 


1. Output Load: 1 TTL gate and C. = 100 pF 


Input Rise and Fall Times: $ 10 ns 

Input Pulse levels: 0.45 Vto 2.4 V 

Timing Measurement Reference Level: Inputs: 0.8 Vand 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F256-75 and Am28F256-95 Output Load: 1 TTL gate and C. = 100 pF 


Input Rise and Fall Times: S$ 10 ns 
Input Pulse levels: 0 Vto 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 





3. Guaranteed by design not tested. 
4. Not 100% tested. 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1— 6) 
Parameter PF Am2BF256— 
Symbols 


— -120 an ae 
| JEDEC | | Standard | Parameter Description 
see | Write Cycle Time Min 70 120 | 150 a [ry 
(Note 6) Max 
tAVWL Address Set-Up Time Min 
. Max 
tDVWH tos Data Set-Up Time Min 45 45 50 50 50 
Max 
tWHDX tDH Data Hold Time Min 10 10 10 10 10 10 
Max | 
tWHGL twR Write Recovery Time Min ys 
before Read Max 
tGHWL Read Recovery Time Min us 
before Write Max 
tELWL tcs Chip Enable Min 
Set-Up Time Max 
tWHEH tCH - Chip Enable Min 
Hold Time Max 
tWLWH twP Write Pulse Width Min 45 45 50 
Max 
tWHWL tWPH Write Pulse Min 20 20 20 20 20 20 
Width HIGH Max 
tWHWH1 Duration of Programming Min 10 10 10 10 pS 
Operation (Note 4) Max 
tWHWH2 Duration of Min 9.5 9.5 95 | 9.5 9.5 9.5 ms 
Erase Operation (Note 4) Max 
tVPEL Vpp Set-Up Time to Min 100 | 100 | 100 | 100 100 
Chip Enable LOW (Note 6) Max 
tvcs Vcc Set-Up Time to Min 50 50 50 50 50 50 us 
Chip Enable LOW (Note 6) Max 
tVPPR Vpp Rise Time Min 500 | 500 | 500 | 500 | 500 
90% VPPH (Note 6) Max | 
tVPPF Vpp Fall Time . 500 } 500 | 500 ] 500 | 500 500 
10% Vppt (Note 6) 
tLKO Vcc < VLKO Min 100 100 100 | 100 100 100 
to Reset (Note 6) Max 


Notes: 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except AM28F256-75 and Am28F 256-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 Vto 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


3. Am28F256-75 and Am28F256-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 Vto 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 














































4. Maximum pulse widths not required because the on-chip program/erase stop timer will terminate the pulse widths 
internally on the device. 


5. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip- -Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 


6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from Lto H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


SWITCHING WAVEFORMS 


Device and 
Power-Up, Standby Address Selection 


Addresses XKKXX KM) 


Outputs 
Enabled 


Addresses Stable 





OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 


Data 


Valid Standby, Power-Down 


AAA 


tAvAv (tRC) 





tEHQZ 
(toF) 
OE (G) 
tWHGL oO tGHaz 
WE (W) tGLav (toe) 
tELav (Ice) 
tGLax (toLz) taxax (tOH) 
tELOx (tLZ) 
High Z tvcs 7 merce High Z 
Data (DQ) \ Output Valid 
tavav (tacc) 
5.0V 
Vec 
OV 
11560E-14 
Figure 6. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


Power-Up & Set-Up Erase Erase-Verify Erase Standby/ 
Standby Command Erase Command Prat rls Command Verification Power-Down 


rawosses (XK XKXXKKKXEKKKXKKK KKK KXXXKKOKKKY 











tavav(twc) —— ere tavav(tac) 
WLAx(taH 
tavwi(tas) yes 
CE (E) 
1 teHoz(tor) 
twHen(tcH) 
E (G) -_ twHwne 
tWHGL 
teHo2(tor) 
WE (W) terov(toe) 
twown(twe) twHw.(twex) tetox(torz) 
fowvaltse) = taxox(to) 
7, | 
HIGH Z DATA IN H— VALID “Th 
-_ corp fear} iar + ra 
tecox (trz) ! 
tves tecov (tce) 
5.0 V 
Vec 
OV tvPEL 
teHvP 
Vpex 
Vep 
Veet 
11560E-15 


Figure 7. AC Waveforms for Erase Operations 
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SWITCHING WAVEFORMS 





Program Command 






P -Up &  Set-UpP Veri P i Standby/ 
‘Standby “command.” ean oe ‘ Programming ecard Voilication. Power Dewi 
ome XXX KKK RYH 
MAACAAAAA UA. MV gp /MAAAAAI MAA 
tavav(twe) tavav(tac) 
—~ twrax(tan) 
tavwi(tas) ss SS 
CE (E) 
teHoz(tor) 
$s SS 
es a mae 
ed ‘twee 
teHoz(tor) 
$$ 
WE (W) twHwe(twex) terav(toe) 
twiwn(twe) tetox(torz) 
tovwwu(tos) a0 } taxox(ton) 
HIG j i 
Data (DQ) né = 40H {F oarans“) oars p (eva) 
tecox (fiz) 
tvcs tecov (tce) 
5.0 V 
Vec 
OV 
VePH 
Vep 





Vee 
11560E-16 


Figure 8. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 








Device 
Under 
Test 


CL = 100 pF including jig capacitance 


AMD aA 


e +5V 


Diodes = IN3064 
or Equivalent 


11560E-17 





SWITCHING TEST WAVEFORMS 


2.4V 











2.0 V 2.0 V 


> Test Points < 


0.8 V 0.8 V 






0.45 V 





Input Output 


All Devices Except Am28F256-75 and Am28F 256-95 
AC Testing: Inputs are driven at 2.4 V fora 


logic “1” and 0.45 V for alogic “O”. Input pulse 
rise and fall times are < 10 ns. 


3V 







f-1.5- TestPoints - 154 
O0V 


Input 


Output 


For Am28F256-75 and Am28F256-95 
AC Testing: Inputs are driven at 3.0 V fora 


logic “1” and 0 V for a logic "0”. Input pulse rise 
and fall times are < 10 ns, 


11560E-18 
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ERASE AND PROGRAMMING PERFORMANCE 


Parameter Comments 
T . 
1 


ms yp jo 
Chip Erase Time 1 0 Excludes 00H programming 
(Note 1) | (Note 2) prior to erasure 
Chip Programming Time mars 3 Excludes system-level overhead 
(Note 1) 


WteErase Cycles ro000 | | eyctes_| 


Notes: 
1. 25°C, 12 V Vpp 
2. The Flasherase/Flashrite algorithms allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max and Flashrite = 25 max). Typical worst case for program and erase operations is significantly 
less than the actual device limit. 

















LATCHUP CHARACTERISTICS 













(Including A9 and Vpp) 13.5 V 


Input Voltage with respect to Vss on all pins 1/O pins Vcc + 1.0 V 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 


Input Voltage with respect to Vss on all pins except I/O pins 





DATA RETENTION 


Test Conditions 










Minimum Pattern Data Retention Time 150°C 
125°C 
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DATA SHEET REVISION SUMMARY FOR 
Am28F256 


Data sheet is Final now, and not Preliminary. 


Product Selector Guide 
Added -75 ns speed grade at 5% Vcc Tolerance. 


Ordering Information — Standard Products 

Added -75 ns speed grade to the Valid Combinations ta- 
ble. Removed DC package from Am28F256-75, -90, 
and -95. Removed DC, DI, DE, and DEB packages from 
Am28F256 from -120, -150, and -200. Removed Pack- 
age Type D. 

Ordering Information — APL. Products 

This page was removed. 

Erase, Program and Read Mode - Write 
Operations 

Removed Command Register Table and Bit 
assignments. 

Erase, Program and Read Mode — Read Command 
The statement requiring a 6 Ls wait before accessing 
the first addressed location was removed. 

Table 3 — Am28F256 Command Definitions 

The note describing a 6 ps wait before accessing the 
first addressed location was removed. 

Fiasherase Erase Sequence — Erase Verify 
Command 


The address latched also depends on the falling edge of 
CE, whichever happens later. 


AMD cl 


Fiasherase Erase Sequence — Verify Next Address 
The new address latched also depends on the falling 
edge of CE. whichever happens later. 

Auto Select Command 

Programming In-System 

Titles for each section were switched. 


Programming In-System 

It is necessary to write a valid command, such as Reset, 
into the register. 

DC Characteristics — TTL/NMOS Compatible 
Added Note 4. Those characteristics are not 100% 
tested. 

DC Characteristics - CMOS Compatible 

Added Note 4. Those characteristics are not 100% 
tested. 

AC Characteristics — Read Only Operation 

(Notes 1 and 2) 

Added -75 timings. Added Am28F 256-75 to Note 2. 
AC Characteristics — Write/Erase/Program 
Operations (Notes 1-5) 

Added Am28F 256-75 to Notes 2 and 3. 


Switching Test Waveforms 
For Test Point figures also apply to Am28F256-75. 
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Am28F256A 


256 Kilobit (32,768 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 


ty 


Advanced 
Micro 
Devices 


Flash Memory with Embedded Algorithms 





DISTINCTIVE CHARACTERISTICS 
@ High performance 

— 70 ns maximum access time 
m@ CMOS low power consumption 

— 30 mA maximum active current 

— 100 pA maximum standby current 

— No data retention power consumption 
m@ Compatible with JEDEC-standard byte-wide 

32-Pin EPROM pinouts 

— 32-pin DIP 

_— 32-pin PLCC 

— 32-pin TSOP 

— 32-pin LCC 
@ 100,000 write/erase cycles minimum 
M@ Write and erase voitage 12.0 V +5% 


@ Latch-up protected to 100 mA from —1 V to 
Vec+1V 


GENERAL DESCRIPTION 


The Am28F256A is a 256K Flash memory organized as 
32K bytes of 8 bits each. AMD’s Flash memories offer 
the most cost-effective and reliable read/write non- vola- 
tile random access memory. The Am28F256A is pack- 
aged in 32-pin PDIP, PLCC, and TSOP versions. The 
device is also offered in the ceramic LCC package. It is 
designed to be reprogrammed and erased in-system or 
in standard EPROM programmers. The Am28F 256A is 
erased when shipped from the factory 


The standard Am28F256A offers access times as fast 
as 70ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F256A has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F256A uses a command register to manage this 
functionality, while maintaining a standard JEDEC 
Flash Standard 32-pin pinout. The command register al- 
lows for 100% TTL !evel control inputs and fixed power 
supply levels during erase and programming. 


m Embedded Erase Electrical Bulk Chip-Erase 


— 1.5 seconds typical chip-erase including 
pre-programming 


m@ Embedded Program 
— 14 Ss typical byte-program including time-out 
— 0.5 second typical chip program 


m@ Command register architecture for 


microprocessor/microcontroller compatible 
write interface 


@ On-chip address and data latches 
m Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 


m Embeddedalgorithms for completely 
self-timed write/erase operations 


AMD's Flash technology reliably stores memory con- 
tents even after 100,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and 
programming mechanisms. In addition, the combination 
of advanced tunnel! oxide processing and low internal 
electric fields for erase and programming operations - 
produces reliable cycling. The Am28F256A uses a 
12.0 V+5% Vpp supply to perform the erase and pro- 
gramming functions. 


The highest degree of latch-up protection is achieved 


~ with AMD's proprietary non-epi process. Latch-up pro- 


tection is provided for stresses up to 100 milliamps on 
address and data pins from —1 V to Vcc +1 V. 


Embedded Program 


The Am28F256A is byte programmable using the 
Embedded Programming algorithm. The Embedded 
Programming algorithm does not require the system to 
time-out or verify the data programmed. The typical 
room temperature programming time of the 
Am28F256A is one half second. 


Publication# 18879 Rev.A Amendment/0 
issue Date: March 1994 


GENERAL DESCRIPTION 
Embedded Erase 


The entire chip is bulk erased using the Embedded 
Erase algorithm. The Embedded Erase algorithm auto- 
matically programs the entire array prior to electrical 
erase. The timing and verification of electrical erase are 
controlled internal to the device. Typical erasure at room 
temperature is accomplished in one second. 


AMD’s Am28F 256A is entirely pin and software compat- 
ible with AMD’s Am28F020A, Am28F010A and 
Am28F512A Flash memories. 


Embedded Programming Algorithm vs. 
Flashrite Programming Algorithm 


The Flashrite Programming algorithm requires the user 
to write a program set-up command, a program com- 
mand (program data and address), and a program verify 
command followed by a read and compare operation. 
The user is required to time the programming pulse 
width in order to issue the program verify command. An 
integrated stop timer prevents any possibility of over- 
programming. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with the data intended to be written; if there is nota 
match, the sequence is repeated until there is a match or 
the sequence has been repeated 25 times. 


AMD’s Embedded Programming algorithm requires the 
user to only write a program set-up command and a pro- 
gram command (program data and address). The de- 
vice automatically times the programming pulse width, 
provides the program verify and counts the number of 
sequences. A status bit, Data Polling, provides feed- 
back to the user as to the status of the programming op- 
eration. 


Embedded Erase Algorithm vs. Flasherase Erase 
Algorithm 


The Flasherase Erase algorithm requires the device to 
be completely programmed prior to executing an erase 
command. Toinvoke the erase operation the userwrites 
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an erase set-up Command, an erase command, and an 
erase verify command. The user is required to time the 
erase pulse width in order to issue the erase verify 
command. An integrated stop timer prevents any possi- 
bility of overerasure. Upon completion of this sequence 
the data is read back from the device and compared by 
the user with erased data. If there is not a match, the 
sequence is repeated until there is a match or the 
sequence has been repeated 1,000 times. 


AMD's Embedded Erase algorithm requires the user to 
only write an erase set-up Command and erase com- 
mand. The device will automatically pre-program and 
verify the entire array. Then the device automatically 
times the erase pulse width, provides the erase verify 
and counts the number of sequences. A status bit, Data 
Polling, provides feedback to the user as to the status of 
the erase operation. 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F256A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occurs first. To simplify the fol- 
lowing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F256A electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at atime using the EPROM program- 
ming mechanism of hot electron injection. 
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CONNECTION DIAGRAMS 


DIP PLCC* 





18879A-3 


18879A-2 


Note: Pin 1 is marked for orientation. 
*Also available in LCC. 
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TSOP PACKAGES 


OE 
A10 
CE 
D7 
D6 
D5 
D4 
D3 
Vss 
D2 
D1 
DO 
AO 
Al 
A2 
A3 


O 


, 
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ri 
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28F256A Standard Pinout 


q 


OON OO hahd — 





28F 256A Reverse Pinout 18879A-4 


28F256A 32K x 8 Flash Memory in 32-Lead TSOP 





LOGIC SYMBOL 





DQ0-DQ7 





18879A-5 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


AM28F256A -75 
OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-ln 
TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 


| Industrial (40°C to +85°C) 


DEVICE NUMBER/DESCRIPTION 
Am28F256A 
256 Kilobit (32K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 





E = Extended (-55°C to +125°C) 

PACKAGE TYPE 

P = 32-Pin Plastic DIP (PD 032) 

J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 

E = 32-Pin TSOP Standard Pinout (TS 032) 

F = 32-Pin TSOP Reverse Pinout (TSR 032) 

L = 32-Pin Rectangular Leadless Chip 
Carrier (CLR 032) 

SPEED 


See Product Selector Guide and 
Valid Combinations 


Valid Combinations Valid Combinations 


Am28F256A-75 PC, JC, EC, Valid Combinations list configurations planned to 





FC LC be supported in volume for this device. Consult 
Am28F256A-90 ‘o the local AMD sales office to confirm availability of 
Am28F256A-95 specific valid combinations andto check on newly 


released combinations. 
Am28F256A-120| PC, PI, JC, JI, PE, 


Am28F256A-150| PEB, JE, JEB, EC, 


Am28F256A-200| FC, El. Fi, EE, Fe, 
EEB, FEB, DI, LC, 


LI, LE, LEB 
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PIN DESCRIPTION 


AQ—-A14 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


CE (©) 

The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 


DQ0-DQ7 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 


No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. (5.0 V+5% or 10%) 


Vpp 

Power supply for erase and programming. Vpp must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vss 
Ground 


WE (W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F256A uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0 V+5% power supply. 


Read Only Memory 


Without high Vpp voltage, the AmM28F256A functions as 
a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Ver pin. The erase and reprogram- 
ming operations are.only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F256A’s command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F256A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Embedded Erase Algorithm 


AMD now makes erasure extremely simple and reliable. 
The Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com- 
mand. The device will automatically pre-program and 
verify the entire array. The device automatically times 
the erase pulse width, provides the erase verify and 
counts the number of sequences. A status bit, Data 
Polling, provides feedback to the user as to the status of 
the erase operation. 


Embedded Programming Algorithm 


AMD now makes programming extremely simple and 
reliable. The Embedded Programming algorithm 
requires the user to only write a program set-up 
command and a program command. The device auto- 
matically times the programming pulse width, provides 
the program verify and counts the number of se- 
quences. A status bit, Data Polling, provides feedback 
to the user as to the status of the programming opera- 
tion. 


Data Protection 

The Am28F256A is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F 256A powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting from Vcc 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, d write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vec < VLko, the command 
register is disabled and all internal progranvVerase cir- 
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vcc 
level is greater than Viko. It is the users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 

Writing is inhibited by holding any one of OE = Vu, 
CE = Vin or WE = Vin. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE =CE = Vi. andOE=Vin 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 
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FUNCTIONAL DESCRIPTION 
Description of User Modes 


Table 1. AmM28F256A User Bus Operations 


O ti Vpp 
perenon ae a mem (Note 1) 


CS 


ead-On 
y Auto-select Manufacturer VPPL VIL VID CODE 
Code (Note 2) (Note 3)]} (01H) 
Auto-select Device Code VPPL ViH VID CODE 
(Note 2) (Note 3)]| (2FH) 


a | esto’ 
reaarwrite | Siandby ete 5 vn Tver [x [x _[ Hignz 
eae Disable pe at 

















(Note 6) 
X = Don't care, where Don't Care is either Vit or Vin levels, VepL = VPP S Vcc + 2 V, See DC Characteristics for voltage 
levels of VppH, OV <An < Vcc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Legend: 


Notes: 


1. Vpp. may be grounded, connected with a resistor to ground, or S Vcc +2.0 V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VpPL, memory contents can be read but not written or erased. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 
11.55 Vio $13.0 V . 

Read operation with Vpp = VPPH may access array data or the Auto select codes. 

With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


Refer to Table 3 for valid Din during a write operation. 


NOM A WD 


All inputs are Don't Care unless otherwise stated, where Don't Care is either Vit or Vin levels. In the Auto select mode all 
addresses except A9 and AO must be held at ViL. 
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READ ONLY MODE 

Veep < Vcc +2V 

Command Register Inactive 
Read 


The Am28F 256A functions as aread only memory when 
Vpp < Vcc +2 V. The Am28F256A has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 


to valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 


The Am28F256A has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5 V), consumes 
less than 100 1A of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1 mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 
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Auto Select 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device tobe programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All other 
address lines must be held at Vi, and Vee must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = Vit) represents the manufacturer 
code and byte 1 (A0 = Vin) the device identifier code. For 
the Am28F256A these two bytes are given in the table 
below. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F256A Auto Select Code 






|ManufacturerCode Code 


Code 
Type an aia DQ1 


a A ACC 
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ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V+ 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vep pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vit, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If 
any pin is not in the correct state a write command will 
not be executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to 00H 
(Read Mode) in the absence of high voltage applied to 
the Ver pin. The device operates as a read only mem- 
ory. High voltage on the Ver pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 3 
defines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The 
device will remain in the read mode until the command 
register contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Am28F256A Command Definitions 








Read Memory (Note 4) 
Read Auto select 


Embedded Program Set-up/ Write 
Embedded Program 


Notes: 
1. Bus operations are defined in Table 1. 
2. RA = Address of the memory location to be read. 


PA = Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 


X = Don't care. 
3. RD = Data read from location RA during read operation. 


Second Bus Cycle 
(Note 1) (Note 2) (Note 3) (Note 1) 
Read 


10H or 50H | Write 


Reset (Note 4) Wit 


Embedded Erase Set-up/ Write X 
Embedded Erase 






Address Data 
(Note 2) (Note 3) 
PRA —S[ RD 
00OH/01H 01H/2FH 


LE 5 
hel ae 









PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 


4. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic chip erase does not require the device to 
be entirely pre-programmed prior to executing the Em- 
bedded set-up erase command and Embedded erase 
command. Upon executing the Embedded erase com- 
mand the device automatically will program and verify 
the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation are complete when the 
data on DQ7 is “1” (see Write Operation Status section) 
at which time the device returns to Read mode. The sys- 
tem is not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (no erase ver- 
ify command is required). The margin voltages are inter- 
nally generated in the same manner as when the 
standard erase verify command is used. 


The Embedded Erase Set-Up command is a command 
only operation that stages the device for automatic elec- 
trical erasure of all bytes in the array. Embedded Erase 
Set-Up is performed by writing 30H to the command 
register. 


To commence automatic chip erase, the command 30H 
must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on DQ7 is “1” (see Write Op- 
eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 4 illustrate the Embedded Erase al- 
gorithm, a typical command string and bus operation. 











Apply VpPH 
Write Embedded Erase Set-Up Command 


Write Embedded Erase Command 
Data Poll from Device 







Erasure Completed 


Figure 5. Embedded Erase Algorithm 


18879A-6 





12.0 Volt, Bulk Erase Flash Memories 2-45 


el AMD 





Table 4. Embedded Erase Algorithm 







Write Embedded Erase 
: Set-Up Command 





Note: 





Bus Operations Comments 
Standby [ee Wait for Vpp Ramp to VpPH (1) 


Data = 30H 
Write Embedded Erase Data = 30H 
Command 


foo Data Polling to Verify Erasure 
Standby aaa Compare Output to FFH 
an Available for Read Operations : 









1. See DC Characteristics for value of VppL. The VpPpower supply can be hard-wired to the device or switchable. When Vpp is 
switched, Vppt may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Functional 


Description. 





Embedded Programming Algorithm 


The Embedded Program Set-Up is a command only op- 
eration that stages the device for automatic program- 
ming. Embedded Program Set-Up is performed by 
writing 10H or 50H to the command register. 


Once the Embedded Set-Up Program operation is per- 
formed, the next WE pulse causes a transition to an ac- 
tive programming operation. Addresses are latched on 
the falling edge of CE or WE pulse, whichever happens 
later. Data is latched on the rising edge of WE or CE, 
whichever happens first. The rising edge of WE also 


begins the programming operation. The system is not 
required-to provide further controls or timings. The de- 
vice will automatically provide an adequate internally 
generated program pulse and verify margin. The auto- 
matic programming operation is completed when the 
data on DQ7 is equivalent to data written to this bit (see 
Write Operation Status section) at which time the device 
returns to Read mode. 


Figure 6 and Table 5 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 








Increment Address 


Apply VePH 


_ Write Embedded Set-up Program Command 


Write Embedded Program Command (A/D) 


Data Poll Device 


Programming Completed 
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Figure 6. Embedded Programming Algorithm 
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Table 5. Embedded Programming Algorithm 









Write Embedded Program 
Set-Up Command 


Note: 





Bus Operations 
Standby foci Wait for Vpp Ramp to VppH (1) 


Data = 10H or 50H 
Write | Embedded Program Valid Address/Data 
Command 


Data Polling to Verify Completion 


Available for Read Operations 






1. See DC Characteristics for value of VppH. The VpPpower supply can be hard-wired to the device or switchable. When Vpp is 
switched, VepL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Functional Descrip- 
tion. Device is either powered-down, erase inhibit or program inhibit. 





Write Operation Status 
Data Polling—DQ7 


The Am28F 256A features Data Polling as a method to 
indicate to the host system that the Embedded algo- 
rithms are either in progress or completed. 


While the Embedded Programming algorithm is in op- 
eration, an attempt to read the device at a valid address 
will produce the complement of expected Valid data on 
DQ7.Upon completion of the Embedded Program algo- 
rithm an attempt to read the device at a valid address will 
produce Valid data on DQ7. The Data Polling feature is 
valid after the rising edge of the second WE pulse of the 
two write pulse sequence. 


While the Embedded Erase algorithm is in operation, 
DQ7 will read “O” until the erase operation is completed. 
Upon completion of the erase operation, the data on 
DQ7 will read “1.” The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 


See Figures 7a and 8a for the Data Polling timing speci- 
fications and diagrams. Data Polling is the standard 
method to check the write operation status, however, an 
alternative method is available using Toggle Bit. 





12.0 Volt, Bulk Erase Flash Memories 2-47 


cl AMD 





START 


Read Byte 


™ VA = Byte address for programming 
tied = XXXXH during chip erase 








YES 
DQ7=Data 
? 


NO 


YES 


Read Byte 
(DQ0—DQ7) 
Addr=VA 





YES. 





NO 


= 
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Note: 
1. DQ7 is rechecked even if DQ5="1”" because DQ7 may change simultaneously with DQ5 or after DOS. 


Figure 7a. Data Polling Algorithm 
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Toggle Bit—DQ6 


The Am28F256A also features a “Toggle Bit” as a 
method to indicate to the host system that the Embed- 
ded algorithms are either in progress or completed. 


Successive attempts to read data from the device at a 
valid address, while the Embedded Program algorithm 
is in progress, or at any address while the Embedded 
Erase algorithm is in progress, will result in DQ6 tog- 
gling between one and zero. Once the Embedded Pro- 
gram or Erase algorithm is completed, DQ6 will stop 


toggling to indicate the completion of either Embedded 
operation. Only on the next read cycle will valid data be 
obtained. The toggle bit is valid after the rising edge of 
the first WE pulse of the two write pulse sequence, un- 
like Data Polling which is valid after the rising edge ofthe 
second WE pulse. This feature allows the user to deter- 
mine if the device is partially through the two write pulse 
sequence. 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 





START 


Read Byte 


(DQ0-DQ7) 
Addr=VA 





DQ6=Toggle 
? 


YES 
YES 
Read Byte 


(DQ0-DQ7) 
Addr=VA 


VA = Byte address for programming 





DQ6=Toggle 
? 


YES 


Note: 


= XXXXH during chip erase 
NO 
NO 
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1. DQ6 is rechecked even if DQ5="1" because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Figure 7b. Toggle Bit Algorithm 
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WE tCE 
* tOH 
Da NNN Seiad eee 
tWHWH 3 or 4 
senses) (XC corsocnan] XBR) 
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Note: 
*DQ7=Valid Data (The device has completed the Embedded operation). 





Figure.8a. AC Waveforms for Data Polling During Embedded Algorithm Operations 
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DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits. This is a failure condition 
and the device may not be used again (internal pulse 
count exceeded). Under these conditions DQ5 will pro- 
duce a “1.” The program or erase cycle was not 


| AMD &\ 


successfully completed. Data Polling is the only operat- 
ing function of the device under this condition. The CE 
circuit will partially power down the device under these 
conditions (to approximately 2 mA). The OE and WE 
pins will control the output disable functions as 
described in Table 1. 


tOEH 


Data DQ6 
DQ0-DQ7 paeslogals Debs logge B. Stop Toggling Valid 


Note: 


DQ0-DQ7 


tOE 18879A-11 


*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 8b. AC Waveforms for Toggle Bit During Embedded Algorithm Operations 





Parallel Device Erasure 


The Embedded Erase algorithm greatly simplifies paral- 
lel device erasure. Since the erase process is internal to 
the device, a single erase command can be given to 
multiple devices concurrently. By implementing a paral- 
lel erase algorithm, total erase time may be minimized. 


Note that the Flash memories may erase at different 
rates. If this is the case, when a device is completely 
erased, use a masking code to prevent further erasure 
(over-erasure). The other devices will continue to erase 
until verified. The masking code applied could be the 
read command (00H). 


Power-Up Sequence 

The Am28F256A powers-up in the Read only mode. 
Power supply sequencing is not required. 

Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset must be written two consecutive times after 
the Set-up Program command (10H or 50H). This will 


_reset the device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The Set-up Program command (10H or 50H) is the only 
command that requires a two-sequence reset cycle. 
The first Reset command is interpreted as program 
data. However, FFH data is considered as null data dur- 
ing programming operations (memory cells are only pro- 
grammed from a logical “1” to “0”). The second Reset 
command safely aborts the programming operation and 
resets the device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 


consecutive times. This eliminates the need to deter- 


mine if you are in the Set-up Program state or not. 





12.0 Volt, Bulk Erase Flash Memories 2-51 


Lt AMD 


In-System Programming Considerations 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the circuit board. 


Auto Select Command 


AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Inor- 
der to correctly program any Flash memories in-system, 
manufacturer and device codes must be accessible 
while the device resides in the target system. PROM 


programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto address lines is not a generally desired 
system design practice. 


The Am28F256A contains an Auto Select operation to 
supplementtraditional PROM programming methodolo- 
gies. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address O000H retrieves the manufacturer code of 
01H (AMD). A read cycle from address 0001H returns 
the device code 2FH (see Table 2). To terminate the op- 
eration, it is necessary to write another valid command, 
such as Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 


Ceramic Packages ............. —65°C to +150°C 
Plastic Packages ............... —65°C to +125°C 
Ambient Temperature 

with Power Applied ............ -~55°C to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp 


(NOG) oy ies 2.e toed ace e es -2.0V to +7.0 V 
Vcc (Note 1) 2.2.2... 2. ee, -2.0Vto +7.0V 
PONG 2) a cero sited to eee be —2.0V to +14.0V 
Vpp (Note 2)........e cece eeee ~2.0V to +14.0 V 
Output Short Circuit Current (Note 3) ...... 200 mA 
Notes: 


1. Minimum DC voltage on input or I/O pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to-2.0 V for 
periods of up to 20 ns. Maximum DC voltage on output and 
VO pins is Vec + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20 ns. 


2. Minimum DC input voltage on A9 and Vpp pins is -0.5 V. 
During voltage transitions, A9 and Vep may overshoot Vss 
to ~2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on AQ and Vep is +13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. No more than one output shorted at atime. Duration of the 
short circuit should not be greater than one second 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) :........... 0°C to +70°C 
industrial (1) Devices . 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vcc for AM28F256A-X5 ........ +4.75 V to +5.25 V 
Vcc for AM28F256A-XX0....... +4,50 V to +5.50 V 
Vpp Supply Voltages 

Read ecu ane wseu see we cuaetee -0.5Vto+126V 
Program, Erase, and Verify ..... +11.4Vto +12.6V 


Operating ranges define those limits between which the fun- 
tionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 











20 ns 20 ns 
+0.8V 
-0.5V 
-2.0V 
20 ns 
18879A-12 
Maximum Positive Input Overshoot 
20 ns 
Veco +2.0 V 
Veco +0.5V 
2.0 V- 
20 ns 20 ns 
18879A-13 
Maximum Vpp Overshoot 
20ns 
14.0 V 
13.5 V 
Vcoc+0.5V 
20 ns 20 ns 
18879A-14 
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DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1-4) 
DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 






som OT [= 
VIN = Wee or Vss 
Ceeetemerwrnfroirevecoes | TL 
VouT = Vcc or Vss 
el 
CE = VIH 
et a A al al 














louT = 0 mA, at 6 MHz 


Icc2 Vcc Programming Current CE = VIL 

Programming in.Progress (Note 4) 
Icca Vcc Erase Current CE = Vit 

Erasure in rs (Note 4) 


Vpp [VerStandby Current Current Vpp=VppL VPPL 
weevin | | [are * 


Ipp2 Vpp Programming Current Vpp = VPPH 
Programming in Progress (Note 4) 
Vpp Erase Current Vpp = VPPH 
eR eda in Progress (Note een 


Input “Sara — Voltage © | 2.0 Vcc V 
+ 0.5 


Output icnilinealle Voltage lol = 5.8 mA 0.45 V 
Vec = Vcc Min 

VOH1 Output High Voltage loH=-2.5 mA 2.4 V 
Vec = Vcc Min 


AQ Auto | AQ Auto Select Voltage | AQ Auto Select Voltage AQ = AQ=VIDO Baan f 


AQ Auto Select Current AQ = VID Max 
Vcc = Vcc Max 
VPPL Vep during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = VpPL Be ; 
.VPPH Vpp during Read/Write 12.6 
Operations 


(a 


Notes: 
1. Caution: the Am28F256A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 























. lec is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions 
lu Input Leakage Current Vcc = Vcc Max, 
. Vin = Vcc or Vss 
ILo Output Leakage Current Vcc = Vcc Max, 
Vout = Vcc or Vss 





[typ | moe | unt 
Oe as a 
Oe et Lal 
Iccs Voc Standby Current Vcc = Vcc Max 15 100 
CE = Vcc+0.5V 
lect Vcc Active Read Current Vcc = Vcc Max, CE = Vit, OE = VIH ae ae 
lout = 0 mA, at 6 MHz 
Icc2 Vcc Programming Current CE = VIL 
Programming in Progress (Note 4) 
Icc3 Vcc Erase Current CE = ViL 
Erasure in Progress (Note 4) 


ies | verStandby Curent | Vreven ————SSSSC*iSSC*dtCTSC*d at 


IpP2 Vpp Programming Current Vep = VppH 
Programming in Progress (Note 4) 
Vpp Erase Current Vep = VPPH 
Erasure in Progress (Note 4) 


V 


VIH Input High Voltage 0.7 Vcc Vcc 
+ 0.5 
OL Output Low Voltage loL = 5.8 mA 
Vcc = Vcc Min 
ID 


10 mA 


V 
| loH = ~2.5 mA, Vcc = Vcc Min 
Output High Voltage. 
10H = —100 pA, Voc = Vcc Min 


A9 Auto Select Current AQ = Vib Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = VpPL 
VPPH Vpp during Read/Write 
Operations 





Notes: 
1. Caution: the Am28F256A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 


2. Icc1 is tested with OE = Vin to simulate open outputs. 


3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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Icc Active 
in mA 





Frequency in MHz 


18879A-15 


Figure 9. Am28F256A — Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 
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PIN CAPACITANCE 


Parameter 
=“ 


Notes: 
1. Sampled, not 100% tested. 


2. Test conditions Ta = 25°C, f = 1.0 MHz 





SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only lee (Notes 1—4) 


Parameter 
Symbols 
— -120 | -150 
JEDEC | Standard Parameter Description -75 
tAVAV Read Cycle Time Min 70 120 
(Note 4) | Max 
tELQV _ tce Chip Enable Min 
Access Time Max 70 12 150 
tavav tacc Address _ | Min 
Access Time Max 70 120 | 15 
fod cE eTetetele 
Access Time Max 35 35 55 
tELQXx Chip Enable to Min 
Output in Low Z (Note 4) Max 
tEHQZ Chip Disable to Min 
Output in High Z (Note 3) Max 20 20 30 35 
tGLax tOLz Output Enable to Min 
Output in Low Z (Note 4) Max 
tGHQZ tDF Output Disable to Min 
Output in High Z (Note 4) Max 20 20 30 35 35 35 
tAxQx tOH Output Hold from first of Min 
Address, CE, or OE Change Max 
(Note 4) 
tWHGL Write Recovery Min 
Time before Read Max 
tvcs Vcc Set-up Time to Min 50 50 50 50 
Valid Read (Note 4) Max 


Notes: 


1. Output Load: 1 TTL gate and C. = 100 pF 
Input Rise and Fall Times: S 10 ns 
Input Pulse levels: 0.45 Vto 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 Vand 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F256A-75 and Am28F256A-95 Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: S$ 10 ns 
Input Pulse levels:0 Vto3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 
















oO 


© 

WwW on ine) N 
oO oO 
NO 
uo 
© 





3. Guaranteed by design not tested. 
4. Not 100% tested. 
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AC CHARACTERISTICS—Write/Erase/Program a (Notes 1-6) 


Parameter SAP eaea 
Symbols 
JEDEC | Standard Parameter Description cae 


tAVAV Write Cycle Time Min EA ae 250 
(Note 6) Max 
a 
ee 
tOVWH Data Set-Up Time Min 45 45 
Max 
tWHDX Data Hold Time Min 10 10 10 10 10 
Max 


tOEH Output Enable Hold Time 10 10 10 10 10 
for Embedded Algorithm 
only (See Figure 8) 
tGHWL Read Recovery Time Min 
before Write Max 
tELWLE tCSE Chip Enable Embedded 20 20 20 20 20 20 
Algorithm Setup Time 
tWHEH tCH Chip Enable Min 
Hold Time Max 
AN | aK ll il Bl 
tWHWL tWPH Write Pulse Min 20 20 20 20 
Width HIGH Max 
tWHWH3 Embedded Programming Min 14 14 14 14 14 14 us 
Operation (Note 4) | Max 
tWHWH4 Embedded Erase Typ 3 5 5 5 5 5 
Operation (Note 5) Max 
tVPEL Vpp Set-Up Time to Min 100 | 100 | 100 | 100 | 100 | 100 
Chip Enable LOW (Note 6) Max 
tvcs Vcc Set-Up Time to Min 50 50 50 50 50 
Chip Enable LOW (Note 6) Max . 
tVPPR Vpp Rise Time ee 500 | 500 | 500 ica 
90% VPPH (Note 6) 
90% VPPL Note 6) 
tLKO Vcc < ViKo Min 100 {| 100 | 100 | 100 } 100 } 100 
to Reset (Note 6) Max 


Notes: 
1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 


2. All devices except Am28F256A-75 and Am28F256A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.45 Vt 
o 2.4 V. Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


3. Am28F256A-75 and Am28F256A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 


4. Embedded Program Operation of 14 1s consists of 10 us program pulse and 4 us write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 


5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 


6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 


Change 
from LtoH 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 





SWITCHING WAVEFORMS 


Addresses 


Data (DQ) 


5.0 V 
Vcc 
OV 


2-60 


Power-up, Standby Address Selection 


HOH 


High Z 


Outputs 
Enabled 


Device and 


Addresses Stable 


tAVAV (tRC) 


tWHGL 


tGLav (toe) 
tELav (tcE) 


tGLax (toLz) 
) i 
(AC 


tavav (tACcc) 


tELOx (tLZ 
tvcs 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Data 
Valid 


Center 
Line is High- 
Impedance 
“Off” State 
KS000010 
Standby, Power-down 
— \/ XX V/V yee 
AK XXX [NIN 
St tEHOQZ 
(toF) 
= tGHOz 
(tDF) 
tAxaQx (tOH) 
ie High Z 
Output Valid »))) 
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Figure 10. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


Embedded Embedded 
Erase Set-Up Erase Erase Data Polling Standby Read 


ween XXKKKHOXKRK INO RIIKKK 3 


Tae 


/ 


Data 


Vcc tCE 
VPP 
18879A-17 


tVPEL 





Note: 
1. DQ7 is the output of the complement of the data written to the device. 


Figure 11. AC Waveforms for Embedded Erase Operation 
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SWITCHING WAVEFORMS 


Embedded Embedded 


Program Set-Up Program Data Polling Read 
masrosses XX PKK PA KK 
twc trRCc 
tAS 


_ twP 
ey AO | 
{DF 
| 
= fe) kee 
Vcc tCE 
VPP , 


18879A-18 
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Notes: 
1. Din is data input to the device. 
2. DQ7 is the output of the complement of the data written to the device. 


3. Dour is the output of the data written to the device. 


Figure 12. AC Waveforms for Embedded Programming Operation 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1-— 6) 
Alternate CE Controlled Writes 


eynrels | -120 | -1 a 
JEDEC | Standard Parameter Description 75 
tAVAV Write Cycle Time Min 70 120 | 150 | 200 Gall 
(Note 6) Max 
tELAX Address Hold Time Min 45 45 50 75 75 
Max 
tOVEH Data Set-Up Time Min 45 45 50 50 50 50 
Max 
tEHDX Data Hold Time Min 10 10 10 10 
Max 
tOEH Output Enable Hold Time Min 10 10 10 10 10 
for Embedded Algorithm Max 
only (See Figure 8) 
tGHEL Read Recovery Time Min 
Before Write Max 
tWLEL WE Set-Up Time Min 
by CE Max 
tEHWK WE Hold Time Min 
Max 
~ tELEH tcp Write Pulse Width Min 65 65 70 
Max 
tEHEL tCPH Write Pulse Min 20 20 20 20 20 20 
Width HIGH Max 
tEHEH3 Embedded Programming Min 14 14 14 14 14 ps 
Operation (Note 4) Max 
tEHEH4 Embedded Erase Min 
Operation (Note 5) Max 
tVPEL Vpp Set-Up Time to Min 100 | 100 | 100 | 100 | 100 
Chip Enable LOW (Note 6) Max 
tvcs Vcc Set-Up Time to Min 50 50 50 50 50 Ea 
Chip Enable LOW (Note 6) Max 
tVPPR Vpp Rise Time 500 | 500 900 500 |} 500 bat 
90% VPPH (Note 6) 
tVPPF Vepp Fall Time Min 500 | 500 500 ; 500 
90% VppL (Note 6) Max 
to Reset (Note 6 Max 


Notes: 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. Alldevices except AM28F256A-75 and AmM28F256A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.45 V 
to 2.4 V. Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

3. Am28F256A-75 and Am28F256A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 





















































4. Embedded Program Operation of 14 ys consists of 10 us program pulse and 4 us write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 


5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 


6. Not 100% tested. 
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SWITCHING WAVEFORMS 
Embedded Embedded 





Program Set-Up Program Data Polling 
ND, 0000%, CH) MBL 
twc 


tas 
_ tAH 
WE 
tGHE 
OE 


tEHEH3 OR 4 
ae ies 
Be { sort }—{ ow ) (5a7 007) Dour) 


Vcc 
VPP 


Notes: 


tVPEL 
18879A-19 


1. Din is data input to the device. 
2. DQ7 is the output of the complement of the data written to the device. 
3. Dour is the output of the data written to the device. 


Figure 13. AC Waveforms for Embedded Programming Operation 
Using CE Controlled Writes 
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SWITCHING TEST CIRCUIT 






2.7 kQ 


6 +5V 


Diodes = IN3064 
or Equivalent 


18879A-20 


Ci = 100 pF including jig capacitance 


SWITCHING TEST WAVEFORMS 










2.4V 
2.0 V 2.0 V 
> Test Points < 
0.8 V 0.8 V 


0.45 V 


Input Output 


All Devices Except Am28F256A-75 and Am28F256A-95 


AC Testing: Inputs are driven at 2.4 V fora 
logic “1” and 0.45 V for alogic “0”. Input ia 
rise and fall times are < 10 ns. 


3V 







1.5<— Test Points —}~ 1.54 


OV 


Input Output 


For Am28F256A-75 and Am28F256A-95 


AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0 V for a logic “O”. Input pulse rise 
and fall times are < 10 ns. 


18879A-21 
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ERASE AND PROGRAMMING PERFORMANCE 


Max 
Parameter Typ (Note 3) Comments 
Chip Erase Time 1 10 Excludes 00H programming 
(Note 1) | (Note 2) prior to erasure 
0.5 4 Excludes system-level overhead 
(Note 1) 
Write/Erase Cycles 100,000 | | Cycles 
4 | 
Notes: 


Lae 
96 
(Note 4) 
1. 25°C, 12 V Vpp 


2. The Embedded algorithm allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Embedded Algorithm internal counter 
which allows for a maximum 6000 pulses for both program and erase operations. Typical worst case for program and erase 
is significantly less than the actual device limit. | 


4, Typical worst case = 84 jis. DO5 = “1” only after a byte takes longer than 96 ms to program. 
















Chip Programming Time 


Byte Program Time 










LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all pins except I/O pins 
(Including AQ and Vpp) ~1.0V 13.5 V 


Input Voltage with respect to Vss on all pins I/O pins Vcc + 1.0 V 


Current —100 mA +100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 





DATA RETENTION 


Test Conditions |—Min_— | Unit_| 
Minimum Pattern Data Retention Time 150°C 
125° 
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Am28F512 


512 Kilobit (65,536 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 


Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ High performance 
— 70 ns maximum access time 
@ CMOS Low power consumption 
— 30 mA maximum active current 
— 100 pA maximum standby current 
— No data retention power consumption 
EB Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 
— 32-pin DIP 
— 32-pin PLCC 
— 32-pin TSOP 
— 32-pin LCC 
@ 10,000 write/erase cycles minimum 
H Write and erase voltage 12.0 V 5% 


GENERAL DESCRIPTION 


The Am28F512 is a 512K bit Flash memory organized 
as 64K bytes of 8 bits each. AMD’s Flash memories offer 
the most cost-effective and reliable read/write non- vola- 
tile random access memory. The Am28F512 is pack- 
aged in 32-pin PDIP, PLCC, and TSOP versions. The 
device is also offered in the ceramic LCC package. It is 
designed to be reprogrammed and erased in-system or 
in standard EPROM programmers. The Am28F512 is 
erased when shipped from the factory.. 


The standard Am28F512 offers access times as fast as 
70 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F512 has separate chip enable (CE) and out- 


put enable (OE) controls. 


AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F512 uses a command register to manage this 
functionality, while maintaining a standard JEDEC 
Flash Standard 32-pin pinout. The command register al- 
lows for 100% TTL !evel control inputs and fixed power 
supply levels during erase and programming. 


AMD's Flash technology reliably stores memory con- 
tents even after 10,000 erase and program cycles. The 


Publication# 11561 Rev.E Amendment/o 
Issue Date: March 1994 





Advanced 
Micro 
Devices 


l@ Latch-up protected to 100 mA 
from —-1 V to Vcc +1V 


Hi Flasherase Electrical Bulk Chip-Erase 
— One second typical chip-erase _ 

@ Flashrite Programming 
— 10 us typical byte-program 
— One second typical chip program 

& Command register architecture for 


microprocessor/microcontroller compatible 
write interface 


@ On-chip address and data latches 

@ Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 

Automatic write/erase pulse stop timer 


AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of — 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F512 uses a 
12.0V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 


The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up 
protection is provided for stresses up to 100 mA on ad- 
dress and data pins from —1 V to Vcc +1 V. 


The Am28F512 is byte programmable using 10 us pro- 
gramming pulses in accordance with AMD’s Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F512 is one second. The 
entire chip is bulk erased using 10 ms erase pulses ac- 
cording to AMD's Flasherase alrogithm. Typical erasure 
at room temperature is accomplished in less than one 
second. The windowed package and the 15-20 minutes 
required for EPROM erasure using ultra-violet light are 
eliminated. | 
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GENERAL DESCRIPTION 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F512 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 


CE whichever occurs first. To simplify the following dis- 


cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F512 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are 
programmed one byte at a time using the EPROM pro- 
gramming mechanism of hot electron injection. 
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CONNECTION DIAGRAMS 


}A11 
|} OE (G) 
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1] DQ7 
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Note: Pin 1 is marked for orientation. 
*Also available in LCC. 
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TSOP PACKAGES 
Ait 1O OE 
AQ y) Ai0 
A8 3 CE 
A13 4 D7 
A14 5 D6 
NC 6 DS 
WE 7 D4 
Vcc 8 D3 
Vpp 9 Vss 
NC D2 
A15 D1 
A12 DO 
A7 AO 
A6 Al 
AS A2 
A4 A3 





28F512 Standard Pinout 





28F512 Reverse Pinout 11561E-4 


28F512 64K x 8 Flash Memory in 32-Lead TSOP 





LOGIC SYMBOL 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 


is formed by a combination of: 
J Cc B 
L_ OPTIONAL PROCESSING 
Blank Standard Processing 
B Burn-In 

TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 

I Industrial (~40°C to + 85°C) 
E = Extended (-55°C to + 125°C) 
PACKAGE TYPE 


32-Pin Plastic DIP (PD 032) 

32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 

32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLR 032) 

32-Pin TSOP Standard Pinout (TS 032) 
32-Pin TSOP Reverse Pinout (TSR 032) 


AM28F512 -75 


mm - © 
tl 





SPEED 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am28F512 
512 Kilobit (64K x 8-Bit) CMOS Flash Memory 


Valid Combinations Valid Combinations 


AM28F512-75 PC, JC, LC, EC, FC Valid Combinations list configurations planned to 
AM28F512-90 be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
AM28F 512-95 specific valid combinations and to check on newly 
released combinations. 


AM28F512-120 | PC, PI, PE, PEB, 
AM28F512-150 | JC, Jl, JE, JEB, 


AM28F512-200 | LC, LI, LE, LEB, 
EC, FC, El, Fl, 


EE, FE, EEB, FEB 
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PIN DESCRIPTION 


AQ-A15 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


CE (E) 

The Chip Enable active low input activates the chip’s 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. | 


DQO0-DQ7 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. | 


NC | 
No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G) 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vec 
Power supply for device operation. (5.0 V+5% or 10%) 


Vpp 

Power supply for erase and programming. Vep must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vss 
Ground 


WE (W 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F512 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0 V + 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F512 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F512’s command register is written using 


standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F512 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WEorCE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Flasherase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: The Flash memory array must be completely pro- 
grammed to 0's prior to erasure. Refer to the Flashrite 
Programming Algorithm. 


1. Erase Set-Up: Write the Set-Up Erase command to 
the command register. 


2. Erase: Write the Erase command (same as Set-Up 
Erase command) to. the command register again. 
The second command initiates the erase operation. 


The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. An integrated stop timer prevents 
any possibility of overerasure. 


3. Erase-Verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc- 
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


lf data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 
1000 times. 


Flashrite Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Program Set-Up: Write the Set-Up Program com- 
mand to the command register. 


2. Program: Write the Program command to the com- 
mand register with the appropriate Address and 
Data. The system software routines must now time- 
out the program pulse width (10 ps) prior to issuing 
the Program-verify command. An integrated stop 
timer prevents any possibility of overprogramming. 


3. Program-Verify: Write the Program-verify com- 
mand to the command register. This command ter- 
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi- 
ated again for the next byte address to be 
programmed. 


lf data is not verified successfully, the Program se- 
quence is repeated until a successful Comparison is 
verified or the sequence is repeated 25 times. 
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Data Protection 


The Am28F512 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F512 powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting fromVcc 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < ViKo, the command 
register is disabled and all internal progranverase cir- 
cuits are disabled. The device will reset to the read 


FUNCTIONAL DESCRIPTION 
Description of User Modes 


mode. Subsequent writes will be ignored until the Vcc 
levelis greater than Vixo. It is the users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 

Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 

Logical Inhibit 


Writing is inhibited by holding any one of OE = Vu, 
CE = Vin or WE = Vi. To initiate_a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi. andOE=Vin 
will not accept commands onthe rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 


Table 1. Am28F512 User Bus Operations 





Standby 





Read-Only Auto-select Manufacturer 
Code (Note 2) 
Auto-select Device Code 
(Note 2) 





Legend: 


OE WE Vpp 
(G) (W) | (Note 1) 
[ieee ee 
| x | x | vem | x | 
re 
L VIH VPPL VIL Vib CODE 
(Note 3)] (01H) 
ViL VIH VPPL VIH VID CODE 
(Note 3){ (25H) 
Read VIL Vit VIH VPPH AQ AS Dout 
(Note 4) 
Read/Write 


Write VIL VIH Vit VPPH AO AQ DIN 
| (Note 6) 


CE 









Dour 


L 


O 
V 


G 
VI 
X 
IH 
Vi 





X = Don’t care, where Don’t Care is either Vit or Vi levels, VpPL = Vpp < Vcc + 2 V, See DC Characteristics for voltage 
levels of VpPH, OV < An < Vcc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. Vpp. may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written or erased. 


17.5<Vipn<13.0V 


Refer to Table 3 for valid Din during a write operation. 


NO A KR WN 


addresses except A9 and AO must be held at Vi. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 


Read operation with Vpp = VpPpH may access array data or the Auto select codes. 


With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


All inputs are Don’t Care unless otherwise stated, where Don’t Care is either Vit or Vi levels. In the Auto select mode all 
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READ ONLY MODE 

Vep< Vcc +2V 

Command Register Inactive 
Read 


The Am28F512 functions as a read only memory when 
Vee < Vec + 2 V. The Am28F512 has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tacc is equal to the delay from sta- — 


ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 


to valid data at the output pins (assuming the addresses 
have been stable at least tacc—toe). 


Standby Mode 


The Am28F512 has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5 V), consumes 
less than 100 pA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 
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Auto Select 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board uponreceipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All other 
address lines must be held at Vi_, and Vee must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = Vit) represents the manufacturer 
code and byte 1 (AO = Vin) the device identifier code. For 
the Am28F512 these two bytes are given in the table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F512 Auto Select Code 





| ManufacturerCode Code 


Code 
Type o_o 


no ae aCe oe oe ee Se 
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ERASE, PROGRAM, AND READ MODE 


Vep=12.0V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


7 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vi, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If 
any pinis not in the correct state a write command will 
not be executed. | 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vere pin. The device operates as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 3 
defines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The de- 
vice will remain in the read mode until the command 
register contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Ver power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Am28F512 Command Definitions 










Read Auto select 


~<im 


X 
X 
X 
Program-Verify (Note 5) X 


Notes: 
1. Bus operations are defined in Table 1. 


2. RA = Address of the memory location to be read. 


First Bus Cycle Second Bus Cycle 
Operation Address Data Operation Address Data 
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) (Note 3) 


a0H or 90H OHS 


Erase Set-up/EraseWrite Write 
(Note 4) 


- 20H 
Erase-Verify (Note 4) 
Program Set-up/ Write 40H Write PA ie 
Program (Note 5) 


0 
0 


Wits [x 
Reset (Note 6) 


O 
ro) 
ii 
© 
71 
Q 
5 
< 
Oo 





EA = Address of the memory location to be read during erase-verify. 


PA = Address of the memory location to be programmed. 


X = Don't care. 


Addresses are latched on the falling edge of the WE pulse. 


3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 


PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 


5. Figure 3 illustrates the Flashrite Programming Algorithm. 
6. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Flasherase and Flashrite 
Algorithms 


Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 
Erase Set-Up 


Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Erase Set-up operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
(Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all con- 


trol pins are in their proper state. In absence of this high 


voltage, memory contents cannot be altered. Refer to 
AC Erase Characteristics and Waveforms for specific 
timing parameters. 


Note: The Flash memory device must be fully pro- 
grammed to OOH data prior to erasure. This equalizes 
the charge on all memory cells prsHnng) reliable 
erasure. 


Erase-Verify Command 


The erase operation erases all bytes of the array in 
parallel. After the erase operation, all bytes must be 
sequentially verified. The Erase-verify operation is initi- 
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse 
or CE pulse, whichever occurs later. The rising edge of 
the WE pulse terminates the erase operation. 


Margin Verify 


During the Erase-verify operation, the Am28F512 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE or CE pulse, whichever occurs later. The - 
process continues for each byte in the memory array un- 
tila byte does not return FFH data or all the bytes in the 
array are accessed and verified. 


If an address is not verified to FFH data, the entire chipis 
erased again (refer to Erase Set-up/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes inthe array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 
sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 
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XES Data = 00H 


NO 


Program All Bytes to OOH 
Apply Verx 


Address = 00H 
PLSCNT =0 







Write Erase Set-up Command 


Write Erase Command 


Time out 10ms 


Write Erase Verify Command 


Time out 6uS 


Read Data from Device 


NO 
{000 PLSCNT 
YES 


y 


YES 


Apply Veer NO 
Last Address Increment Address 


YES 
Write Reset Command 


Apply Vee 


Erasure Completed 
11561E-6 


Figure 1. Flasherase Electrical Erase Algorithm 





2-78 12.0 Volt, Bulk Erase Flash Memories 


Flasherase Electrical Erase Algorithm 


This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F512 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. 


Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the 
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device to their charged state (Data = OOH). This is 
accomplished using the Flashrite Programming algo- 
rithm. Erasure then continues with an initial erase op- 
eration. Erase verification (Data = FFH) begins at 
address 0000H and continues through the array to the 
last address, or until data other than FFH is encoun- 
tered. If a byte fails to verify, the device is erased again. 
With each erase operation, an increasing number of 
bytes verify to the erased state. Typically, devices are 
erased inless than 100 pulses (one second). Erase effi- 
ciency may be improved by storing the address of the 
last byte that fails to verify in a register. Following the 
next erase operation, verification may start at the stored 
address location. A total of 1000 erase pulses are al- 
lowed per reprogram cycle, which corresponds to ap- 
proximately 10 seconds of cumulative erase time. The 
entire sequence of erase and byte verification is per- 
formed with high voltage applied to the Vep pin. Figure 1 
illustrates the electrical erase algorithm. 


Table 4. Flasherase Electrical Erase Algorithm 


Bus Operations Command 


Standby 


Erase SetUp 
Standby 


— 


Standby 


Standby 


Standby 


Notes: 














Comments 


Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 3) for 
Programming. 


Wait for Vpp ramp to VpPH (Note 1) 
Initialize: 

Addresses . 

~ PLSCNT (Pulse count) 
Data = 20H 

Data = 20H 

Duration of Erase Operation (twHWH2) 


Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 


Write Recovery Time before Read = 6 ps 
Read byte to verify erasure 


Compare output to FFH 
Increment pulse count 


Data = FFH, reset the register for read operations. 


Wait for Vpp ramp to VppL (Note 1) 














1. See DC Characteristics for value of VppH or VppL. The Vepp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 


2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 


written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Bus Cycle Standby 
Command Compare N/A 
Data 























Function Erase Erase Erase Erase- Transition Erase Proceed per 
Set-up (10 ms) Verify (6 ps) Verification Erase 
? Algorithm 


Figure 2. AC Waveforms For Erase Operations 


Analysis of Erase Timing Waveform Erase-Verify 

Note: This analysis does not include the requirementto Upon completion of the erase software timing routine, 

program the entire array to OOH data prior to erasure. the microprocessor must write the Erase-verily com- 

Refer to the Flashrite Programming algorithm. mand (A0H). This command terminates the erase op- 
. eration on the rising edge of the WE pulse (section D). 

Erase Set-Up/Erase The Erase-verify command also stages the device for 

This analysis illustrates the use of two-cycle erase com- data verification (section F). 


mands (section A and B). The first erase command 
(20H) isa set-up command and does not affect the array 
data (section A). The second erase command (20H) in- 
itiates the erase operation (section B) on the rising edge 
of this WE pulse. All bytes of the memory array are ? 
erased in parallel. No address information is required. Another software timing routine (6 ps duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


The erase pulse occurs in section C. 


Time-Out na a . During Erase-verification (section F) each address that 
A software timing routine (10 ms duration) must be initi- returns FFH data is successfully erased. Each address 
ated onthe rising edge of the WE pulse of section B. ——of the array is sequentially verified in this manner by re- 


peating sections D thru F until the entire array is verified 


Note: An integrated stop timer prevents any possibility or an address fails to verify. Should an address location 
of overerasure by limiting each time-out period of 10'ms. 
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fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 
100 erase pulses are required. 


Note: All address locations must be programmed to 
OOH prior to erase. This equalizes the charge on all 
memory cells and ensures reliable erasure. 


Flashrite Programming Sequence 
Program Set-Up/Program Command 
Program Set-Up 


The Am28F512 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Program 
Set-up is the first of a two-cycle program command. It 
stages the device for byte programming. The Program 
Set-up operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi- 
nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vpp pin and all contro! pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 


Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate" 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 

gram-verify operation stages the device for verification 

of the last byte programmed. Addresses were previ- 

ously latched. No new information is required. 


Margin Verify 

During the Program-verify operation, the Am28F512 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original 
programmed data should be stored for comparison. 
Programming then proceeds to the next desired byte lo- 
cation. Should the byte fail to verify, reprogram (refer to 
Program Set-up/Program). Figure 3 and Table 5 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe- 
cific timing parameters. 


Fiashrite Programming Algorithm 


The Am28F512 Flashrite Programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite Programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad- 
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op- 
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se- 
quence of programming and byte verification is per- 
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 5 illustrate the programming algorithm. 
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Start 


Apply Verx 


PLSCNT =0 


Write Program Set-up Command 


Write Program Command (A/D) 


Time out 10 ps 


Command 








Write Program-Veri 


Time out 6 pS 
Read Data from Device 














NO 
seur> 
YES YES 
YES 
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Figure 3. Flashrite Programming Algorithm 





Table 5. Flashrite Programming Algorithm | 


Comments 
(aaa NN ("== 
Initialize pulse counter 


Standby fetal Duration of Programming Operation (twHWH1) 
Program-Verify (2) Data = COH Stops Program Operation 
















Standby Ee wee ees Write Recovery Time before Read = 6 us 
Read | Read byt to verity programming 





Standby Pa et ee ee ed Compare data output to data expected 
Reset Data = FFH, resets the register for read operations. 
Standby Pe ee Wait for Vpp ramp to VppL (Note 1) 


Notes: 


1. See DC Characteristics for value of VpPH. The Vpp power supply can be hard-wired to the device or switchable. When Vppis 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 





2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Program 

Data 
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Latch Address 
& Data 





Function Program 
Set-up 


F G 
Stand 


N/A 


Program 
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COH. N/A Compare N/A 
(Stops Data 
Program) 





Transition Program | Proceed per 
Verification |Programming 


Algorithm 


Program 
Verify 












Figure 4. A.C. Waveforms for Programming Operations 


Analysis of Program Timing Waveforms 
Program Set-Up/Program 


Two-cycle write commands are required for program 
operations (section A and B). The first program com- 
mand (40H) is a set-up command and does not affect 
the array data (section A). The second program com- 
mand latches address and data required for program- 
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is 
programmed on a byte by byte basis either sequentially 
or randomly. 


The program pulse occurs in section C. 

Time-Out | 

A software timing routine (10 1s duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated stop timer prevents any possibility 
of overprogramming by limiting each time-out period of 
10 ps. 


Program-Verify 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 
(COH). This command terminates the programming op- 
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6 us duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- 
sired address is programmed. Should a byte fail to ver- 
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 
25 program pulses per byte. Typically, bytes are verified 
within one or two pulses. 
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Aigorithm Timing Delays 


There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1 uF/device. Vpp 
must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu- 
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse. 


3. A third delay time is required for each programming 
pulse width (10 ps). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut- 
ing any system interrupts that may occur during the 
programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re- 
covery time (6 us). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read 
operations. An attempt to read the device during this 
period will result in possible false data (it may appear 
the device is not properly erased or programmed). 


Note: Software timing routines should be written in ma- 
chine language for each of the delays. Code written in 
machine language requires knowledge of the appropri- 
ate microprocessor clock speed in order to accurately 
time each delay. 


Parallel Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified separately. When a device is com- 


pletely erased and verified use a masking code to pre-. 


vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-Up Sequence 


The Am28F512 powers-up in the Read only mode. 
Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the , Flash memory de- 
vice to the Read mode. !n addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The set-up Program command (40H) is the only com- 
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “0”). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 
Programming In-System 


Flash memories can be programmed in-system or ina 


- standard PROM programmer. The device may be sol- 


dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Auto Select Command 


AMD’s Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising A9 to a high voltage. However, multi- 
plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F512 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code 25H (see Table 2). To terminate the operation, 
it is necessary to write another valid command, such as 
Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic Packages ............. -65°C to +150°C 
Plastic Packages ............... —65°C to +125°C 
Ambient Temperature 
with Power Applied ............ —55°C to + 125°C 


Voltage with Respect To Ground 


All pins except A9 and Vee (Note 1) -2.0 Vto +7.0 V 
VEC(NOIO. T)) iaisas Soh ini eae -2.0Vto+7.0V 
AS (NOI6 2) o2kcieeees haan -2.0V to +14.0 V 
Vpp (Note 2)............0..008. ~-2.0Vto+14.0V 
Output Short Circuit Current (Note 3) ...... 200 mA 


Notes: 


1. Minimum DC voltage on input or I/O pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on output and 
VO pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20ns. 


2. Minimum DC input voltage on A9 and Vpp pins is -0.5 V. 
During voltage transitions, A9 and Vpp may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on A9 and Vpp is +13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. Nomore than one output shorted at atime. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices | 
Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vcc for Am28F512-X5 ......... +4.75 V to +5.25 V 
Vcc for Am28F512-XX0 ........ +4.50 V to +5.50 V 
Vpp Supply Voltages 

Re@aG 28 secs aya tes eats x -0.5 V to +12.6V 
Program, Erase, and Verify ..... +11.4Vto+12.6V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT | 
Maximum Negative Input Overshoot 











20 ns 20 ns 
+0.8 V 
-0.5V 
-—2.0V 
20 ns 
11561E-10 
Maximum Positive Input Overshoot 
20 ns 
Voc +2.0 V 
Veco +0.5V 
2.0V 
20 ns 20 ns 
11561E-11 
Maximum Vpp Overshoot 
20 ns 
14.0 V 
13.5 V 
Vcoc+0.5V 
20 ns 20 ns 
11561E-12 
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DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1—4) 
DC CHARACTERISTICS—TTL/NMOS COMPATIBLE 


Parameter 
Symbol! Parameter Description Test Conditions 
fu input Leakage Current Vcc = Vcc Max, 
VIN = Vcc or Vss 
' Ito Output Leakage Current Vcc = Vcc Max, +1.0 pA 
Vout = Vcc or Vss 
Iccs Vec Standby Current Vec = Vcc Max 
CE = VIH 
Icc1 Vcc Active Read Current Vcc = Vcc Max, CE = Vit, OE = VIH mA 
louT = 0 mA, at 6 MHz 
Icc2 Vec Programming Current CE = VIL 30 mA 
Programming in Progress (Note 4) 
Icca Vcc Erase Current CE = Vit 
Erasure in (aaa (Note 4) 


Ver Read Current a or 
le anne (NES epeeenee 2 d 


Veep Programming Current Vpp = VPPH 
Programming in Progress (Note 4) 

Vpp Erase Current Vpp = VpPH ieee, 
Erasure in Saas (Note 4) 


Input | InputLow Voltage sid Voltage 2s | _[oe |v _ 


Input High Voltage Vcc 
+ 0.5 
_ Output Low Voltage loL = 5.8 mA 
Vcc = Vcc Min 
Output High Voltage 10H = -2.5 mA 
ee Vcc Min 


AQ Auto Select Voltage [A9=Voo iC 


AQ Auto Select Current AQ = Vip Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = Vppt oe 
VPPH Vpp during Read/Write V 
Operations 


Wino | tow Veotoccouvorae [SCs ne | dP 


Notes: 
1. Caution: the Am28F512 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 














2. Icc1 is tested with OE = Vin to simulate open outputs. 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions 
L Input Leakage Current Vcc = Vcc Max, 
Vin = Vccor Vss 








: -_ 
ILo Output Leakage Current Vcc = Vcc Max, 
Vout = Vccor Vss 
Vcc Standby Current Vcc = Vcc Max 
| CE=Vcc+05V 
Ioc1 Vcc Active Read Current Voc = Vec Max,CE = VIL, OE = VIH 
lout = 0 mA, at 6 MHz 


Iccs 





Ioc2 Vcc Programming Current CE = VIL 

Programming in Progress (Note 4) 
Icc3 Vcc Erase Current CE = VIL 

Erasure in Progress (Note 4) 


Ipp2 Vpp Programming Current Vpp = VPPH | 10 
. Programming in Progress (Note 4) 


Vpp Erase Current Vpp = VPPH 10 30 
Erasure in Progress (Note 4) 


! 
VIH Input High Voltage 0.7 Vcc Vcc 
+ 0.5 
VoL Output Low Voltage lo.=5.8mA 
Vcc = Vcc Min 
Output High Voltage 

| [oH = -100 HA, Veo = Vee Min 

—0.4 


loH = -—2.5 mA, Vcc = Vcc Min 0.85 





AQ Auto Select Current AQ = Vip Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/ Program are 
Operations inhibited when Vpp = VppL 
VPPH Vep during Read/Write 
Operations 


Notes: 





1. Caution: the Am28F512 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 
. Icec1 is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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Figure 5. Am28F512-—Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 
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PIN CAPACITANCE 





Parameter 
Symbol 


Input Capacitance 


Output Capacitance 
Vpp Input Capacitance 


Notes: 
1. Sampled, not 100% tested. 


2. Testconditions Ta = 25°C, f = 1.0 MHz 








SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1—4) | 


Parameter 
Symbols 
JEDEC | Standard Parameter Description 

tAVAV tRC Read Cycle Time Min 70 
(Note 4) Max 

tELQv tCE Chip Enable Min 
Access Time Max 70 

tavav tacc Address Min 
Access Time Max 70 
Access Time 35 

tELQX tLz Chip Enable to Min 
Output in Low Z (Note 4) Max 

tEHQZ tDF Chip Disable to . Min 
Output in High Z (Note 3) Max 20 20 30 35 35 

tGLax tOLz Output Enable to 
Output in Low Z (Note 4) 

tGHaz tDF Output Disable to 
Output in High Z (Note 4) 

tAXQX tOH Output Hold from first of 
Address, CE, or OE Change 
(Note 4) 

tWHGL Write Recovery 

; Time before Read 


tvcs 





Notes: : 


1. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F512-75 amd Am28F512-95 Output Load: 1 TTL gate and Ct = 100 pF 

Input Rise and Fall Times: < 10 ns 

Input Pulse levels: 0 Vto 3 V 

Timing Measurement Reference Level: 1.5 V inputs and outputs. 
3. Guaranteed by design not tested. 


4. Not 100% tested. 
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Parameter 
Symbols 
JEDEC | Standard Parameter Description 
tAVAV Write Cycle Time Min 
(Note 6) Max 
=a am 
tWLAX Address Hold Time Min 45 45 50 75 
Max 
tOVWH Data Set-Up Time Min 45 45 50 50 50 
Max 
el a fain | 
Write Recovery Time 
before Read 
Read Recovery Time Min 
before Write Max 
tELWL Chip Enable Min 
Set-Up Time Max 









tWHGL 


tGHWL 


on “ 
| al a 
9] 79) ” 


tWHEH Chip Enable Min 
Hold Time Max 
tWHWL tWPH Write Pulse Min 20 20 20 20 20 20 
Width HIGH Max 
tWHWH1 Duration of Programming 10 10 10 10 10 us 
Operation (Note 4) 
tWHWH2 Duration of Min 9.5 9.5 95 | 95 9.5 9.5 ms 
Erase Operation (Note 4) Max 
tVPEL Vpp Set-Up Time to Min 100 eel 100 | 100 Pe 100 
Chip Enable LOW (Note 6) Max 
tvcs Vcc Set-Up Time to 50 la 50 50 ial 50 pS 
Chip Enable LOW (Note 6) 
tVPPR Vpp Rise Time 500 | 500 } 500 | 500 | 500 500 
90% VPPH (Note 6) 
tVPPF Vpp Fall Time 500 | 500 | 500 | 500 | 500 500 
10% VppL (Note 6) 
tLKO Vcc < ViLKo 100 ; 100 } 100 | 100 j} 100 100 
to Reset (Note 6) 
Notes: 


1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except Am28F512-75 and Am28F512-95 Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V. 


3. Am28F512-75 and Am28F512-95 Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 Vto 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

4. Maximum pulse widths not required because the on-chip program/erase stop timer will terminate the pulse widths 
internally on the device. 

5. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 


6. Not 100% tested. 


tWLWH 
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KEY TO SWITCHING WAVEFORMS 











WAVEFORM INPUTS OUTPUTS 
Must Be Will Be 
Steady Steady 
May Will Be 
Change Changing 
from H tol from Hto L 
May Will Be 
Change Changing 
from L to H from L to H 
Don't Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High- 
Impedance 
“Off” State 
KS000010 
SWITCHING WAVEFORMS 
Device and Outputs Data 
Power-Up, Standby Address Selection Enabled Valid Standby, Power-Down 
VVV XX KX) = OXKXKXKX X 
Addresses Addresses Stable 
AVAVAVAVAVAYA' 7 IU MIVIMIMININZA 
tavAv (tRC) 
CE (E) 
eS tEHOZ 
(toF) 
OE (G) 
tWHGL ee tGHaz 
WE (W) tgLav (toe) 
tELav (tceE) 
tGLax (toLz) taxax (toH) 
tELOXx (tLZ) 
High Z tvcs nee High Z 
Data (DQ) \ \ Output Valid ; 
tavav (tacc) 
5.0 V 
Vec 
OV 
11561E-14 
Figure 6. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


Power-Up & Set-Up Erase Erase-Verify Erase Standby/ 


Standby Command Erase Command es Erasure Command “ TF a 
resossos XX KAAKAKAM AKA  A___ A AXA 
tavav(twc) —— tavav(tac) 
tavwe(tas) pons 


ss 
CE (E) 
i teHoz(tor) 
twuen(tcu) 
: 


SS 
Ee: twHwu2 el 
ied tWHGL he 
toHoz(tor) 
s . 
taLov( toe) 
twHwe(twex) : ie torz) 


twowH(twe) 
taxox(tox) 










town(tos) 





twHox(ton) 
7) DATA IN DATA IN H~ VALID —h 
Data (00) a es {pase} yo 
tecox (tiz) 

tvcs teLov (tce) 
5.0 V 
Veco 
OV tvPEL 

teHve 

VPPH 
Vep 
Veet 


11561E-15 
Figure 7. AC Waveforms for Erase Operations 
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SWITCHING WAVEFORMS 





Program Command 













P -Up & Set-Up P P Standby/ 
Standby "Cormmand Ae sacl arses : Vibe bella éannend Veicaton’ Pawar Dow 
nm CITI RR KHIR 
tavav(two) tavav(tac) 
i twiax(tax) 
ee tavwu(tas) SS ss 
CE (E) 
teHoz(tor) 
ss ss 
a a ae ee ae 
a tWHGL 
teHoz(tor) 
$$ 
WE (W) twHwe(tweu) teLov(toe) 
twuwH(twe) a ; teLox(torz) 
towu(tos) | | =o taxox(ton) 





T VALID “fh 
-_ feurf {on —_four_| —aFy 
. tecox (tiz) 
tves terov (tce) 


5.0 V 
Vec 
OV 


VepH 
Vep 


Vept 
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Figure 8. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 






2.7 k2 


0+5V 


Diodes = IN3064 
or Equivalent 


11561E-17 


CL = 100 pF including jig capacitance 





SWITCHING TEST WAVEFORMS 








2.4V 
2.0 V 2.0 V 
» Test Points 
0.8 V 0.8 V 
0.45 V 





Input Output 


All Devices Except Am28F512-75 and Am28F512-95 


AC Testing: Inputs are driven at 2.4 V fora 
logic “1” and 0.45 V for a logic “0”. Input pulse 
rise and fall times are < 10 ns. 





3V 







1.5 Test Points -™1.5 


OV 


Input Output 


For Am28F512-75 and Am28F512-95 


AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0 V for a logic “O”. Input pulse rise 
and fall times are < 10 ns. 


. 11561E-18 
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ERASE AND PROGRAMMING PERFORMANCE 


Parameter . Max 
Typ (Note 3) 
Chip Erase Time 1 10 S Excludes 00H programming 
(Note 1) | (Note 2) prior to erasure 
Chip Programming Time mr S Excludes system-level overhead 
(Note 1) 


Write/Erase Cycles roooo | | | Cycles 


Notes: 
1. 25°C, 12 V Vpp 
2. The Flasherase/Flashrite algorithms allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max and Flashrite = 25 max). Typical worst case for program and erase operations is significantly 
less than the actual device limit. 


















LATCHUP CHARACTERISTICS 









Input Voltage with respect to Vss on all pins except I/O pins 
(Including AQ and Vpp) 


Input Voltage with respect to Vss on all pins I/O pins Vec + 1.0 V 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 










DATA RETENTION 


Test Conditions | Min | __unit_ 
Minimum Pattern Data Retention Time 150°C | 400d Years 
125°C 
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DATA SHEET REVISION SUMMARY FOR 
Am28F512 


Data sheet is Final now, and not Preliminary. 


Product Selector Guide 
Added -75 ns speed grade at 5% Vcc Tolerance. 


Ordering Information — Standard Products 

Added -75 ns speed grade to the Valid Combinations ta- 
ble. Removed DC package from Am28F512-75, -90, 
and -95. Removed DC, DI, DE and DEB packages from 
Am28F512 from -120, -150, and -200. Removed Pack- 
age Type D. 

Ordering Information — APL Products 

This page was removed. 

Erase, Program and Read Mode — Write 
Operations 

Removed Command Register Table and Bit 
assignments. 

Erase, Program and Read Mode — Read Command 
The statement requiring a 6 us wait before accessing 
the first addressed location was removed. 

Table 3 — Am28F512 Command Definitions 

The note describing a 6 us wait before accessing the 
first addressed location was removed. 

Flasherase Erase Sequence — Erase Verify 
Command . 


The address latched also depends on the falling edge of 
CE, whichever happens later. 
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Flasherase Erase Sequence — Verify Next Address 
The new address latched also depends on the falling 
edge of CE. whichever happens later. 

Auto Select Command 

Programming In-System 

Titles for each section were switched. 


Programming In-System ; 

It is necessary to write a valid command, such as Reset, 
into the register. 

DC Characteristics — TTL/NMOS Compatible 
Added Note 4. Those characteristics are not 100% 
tested. 

DC Characteristics - CMOS Compatible 

Added Note 4. Those characteristics are not 100% 
tested. 

AC Characteristics — Read Only Operation (Notes 
1 and 2) 

Added -75 timings. Added Am28F512-75 to Note 2. 
AC Characteristics — Write/Erase/Program 
Operations (Notes 1-5) 

Added Am28F512-75 to Notes 2 and 3. 


Switching Test Waveforms 
For Test Point figures also apply to AmM28F512-75. 
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Am28F512A 


512 Kilobit (65,536 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 


| PRELIMINARY at 


Advanced 
Micro 
Devices 


Flash Memory with Embedded Algorithms 


DISTINCTIVE CHARACTERISTICS 
M@ High performance 

— /0ns maximum access time 
m@ CMOS low power consumption 

— 30 mA maximum active current 

— 100 pA maximum standby current 

— No data retention power consumption 


m@ Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 


— 32-pin DIP 

— 32-pin PLCC 

— 32-pin TSOP 

— 32-pin LCC 
@ 100,000 write/erase cycles minimum 
M@ Write and erase voltage 12.0 V+5% 


M Latch-up protected to 100 mA from —1 V 
to Vcc +1 V 


m@ Embedded Erase Electrical Bulk Chip-Erase 
— Two seconds typical chip-erase including 
pre-programming 
m@ EmbeddedProgram 
— 14 us typical byte-program including time-out 
— One second typical chip program 


m@ Command register architecture for 
microprocessor/microcontroller compatible 
write interface 


m@ On-chip address and data latches 
mM Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 


m™ Embedded algorithms for completely 
self-timed write/erase operations 





GENERAL DESCRIPTION 


The Am28F512A is a 512K bit Flash memory organized 
as 64K bytes of 8 bits each. AMD's Flash memories offer 
the most cost-effective and reliable read/write non- vola- 
tile random access memory. The Am28F512A is pack- 
aged in 32-pin PDIP, PLCC, and TSOP versions. The 
device is also offered in the ceramic LCC package. It is 
designed to be reprogrammed and erased in-system or 
in standard EPROM programmers. The Am28F512A is 
erased when shipped from the factory. 


The standard Am28F512A offers access times as fast 
as 70 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F512A has separate chip enable (CE) and out- 


put enable (OE) controls. 


AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F512A uses a command register to manage this 
functionality, while maintaining a JEDEC Flash stan- 
dard 32-pin pinout. The command register allows for 
100% TTL level control inputs and fixed power supply 
levels during erase and programming. 
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product without notice. 


This document contains information on a product under development at Advanced Micro Devices, Inc. The information is 
intended to help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed 


AMD's Flash technology reliably stores memory con- 
tents even after 100,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal 
electric fields for erase and programming operations 
produces reliable cycling. The Am28F512A uses a 
12.0 V+5% Vpp supply to perform the erase and pro- 
gramming functions. 


The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up pro- 
tection is provided for stresses up to 100 milliamps on 
address and data pins from —1 V to Vcc +1 V. 


Embedded Program 


The Am28F512A is byte programmable using the Em- 
bedded Programming algorithm. The Embedded Pro- 
gramming algorithm does not require the system to 
time-out or verify the data programmed. The typical 
room temperature programming time of the 
Am28F512A is one second. 





Publication# 18880 Rev.A Amendment/O 
Issue Date: March 1994 
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GENERAL DESCRIPTION 
Embedded Erase 


The entire chip is bulk erased using the Embedded 
Erase algorithm. The Embedded Erase algorithm auto- 
matically programs the entire array prior to electrical 
erase. The timing and verification of electrical erase are 
controlled internal to the device. Typical erasure at room 
temperature is accomplished in one second. 


AMD's Am28F512A is entirely pin and software compat- 
ible with AMD Am28F020A, Am28F010A, and 
Am28F256A Flash memories. 


Embedded Programming Algorithm vs. 
Flashrite Programming Algorithm 


The Flashrite Programming algorithm requires the user 
to write a program set-up command, a program com- 
mand (program data and address), and a program verify 
command followed by a read and compare operation. 
The user is required to time the programming pulse 


width in order to issue the program verify command. An 


integrated stop timer prevents any possibility of over- 
programming. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with the data intended to be written; if there is not a 
match, the sequence is repeated until there is a match or 
the sequence has been repeated 25 times. 


AMD's Embedded Programming algorithm requires the 
user to only write a program set-up command and a pro- 
gram command (program data and address). The de- 
vice automatically times the programming pulse width, 
provides the program verify and counts the number of 
sequences. A status bit, Data Polling, provides feed- 
back to the user as to the status of the programming 
operation. 


Embedded Erase Algorithm vs. Flasherase Erase 
Algorithm 


The Flasherase Erase algorithm requires the device to 
be completely programmed prior to executing an erase 
command. To invoke the erase operation the user writes 
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an erase set-up command, an erase command, and an 
erase verify command. The user is required to time the 
erase pulse width in order to issue the erase verify com- 
mand. An integrated stop timer prevents any possibility 
of overerasure. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with erased data. If there is not a match, the 
sequence is repeated until there is a match or the 
sequence has been repeated 1,000 times. 


AMD’s Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com- © 
mand. The device will automatically pre-program and 
verify the entire array. Then the device automatically 
times the erase pulse width, provides the erase verify 
and counts the number of sequences. A status bit, Data 
Polling, provides feedback to the user as to the status of 
the erase operation. 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F512A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occurs first. To simplify the fol- 
lowing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F512A electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at a time using the EPROM program- 
ming mechanism of hot electron injection. 
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Low Vcc 
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+5% Vcc Tolerance 


Max Access Time (ns) 
CE (E) Access (ns) 


OE (G) Access (ns) 
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CONNECTION DIAGRAMS 


DIP PLCC* 


|} A11 
[]OE (G) 
|} A10 
|| CE (E) 
|] DQ7 





18880A-3 





18880A-2 


Note: Pin 1 is marked for orientation. 
*Also available in LCC. 
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CONNECTION DIAGRAMS 


A11 
A9 
A8 

A13 

A114 

NC 
WE 
Vec 
Vpp 

NC 

A15 

A12 
A7 
A6 
A5 
A4 


O 


1 
2 
3 
4 
5 
6 
7 
8 
9 





28F512A Standard Pinout 





OE 1V J A11 
A10 2 1 AQ 
CE 3 T) AS 
D7 4 TJ A13 
D6 5 Ld A14 
D5 6 J NC 
D4 F 26 [-] WE 
D3 8 25 LJ Vcc 
~Vss 9 24 L_J Vep 
D2 23 [LJ NC 
D1 22 (J A15 
Do 21 (J Ai2 
AO 20 [[J A7 
Al 19 [7] A6 
A2 18 [7 As 
A3 17 LJ A4 


28F512A Reverse Pinout 18880A-4 


28F512A 64K x 8 Flash Memory in 32-Lead TSOP 


LOGIC SYMBOL 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


AM28F512A -7 


OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-ln 
TEMPERATURE RANGE 
Commercial (0°C to +70°C) 
Industrial (-40°C to +85°C) 
' = Extended (-55°C to +125°C) 
PACKAGE TYPE 
32-Pin Plastic DIP(PD 032) 
32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
32-Pin TSOP Standard Pinout (TS 032) 
32-Pin TSOP Reverse Pinout (TSR 032) 
32-Pin Rectangular Leadless Chip 
Carrier (CLR 032) 
SPEED 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am28F512A 
512Kbit (64K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 


m—-O 
oon tl 


—-™m1Mm ]%VU 


Valid Combinations Valid Combinations 
AM28F512A-75 Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
AM28F512A-90 | PC, JC, EC, FC, LC the local AMD sales office to confirm availability of 
AM28F512A-95 specific valid combinations and to check on newly 


released combinations. 


AM28F512A-120| PC, Pl, JC, Jl, PE, 
AM28F512A-150| PEB, JE, JEB, EC, 


FC, El, Fl, E&, FE, 
EEB, FEB, LC, LI, 
LE, LEB 


AM28F512A-200 
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PIN DESCRIPTION 


A0-A15 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


CE (E) 
The Chip Enable active low input activates the chip's 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. | 


DQ0—-DQ7 

Data Inputs during memory write cycles. Internallatches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G) 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


PRELIMINARY 


Vec 
Power supply for device operation. (5.0 V+5% or 10%) 


Vpp 

Power supply for erase and programming. Vpp must be 
at high voltage in order to write tothe command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vss 
Ground 


WE (W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F512A uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0 V+ 5% power supply. 


Read Only Memory 


Without high Vep voltage, the Am28F512A functions as 
a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vep pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F512A’s command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F512A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WEorCE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Embedded Erase Algorithm 


AMD now makes erasure extremely simple and reliable. 
The Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com- 
mand. The device will automatically pré-program and 
verify the entire array. The device automatically times 
the erase pulse width, provides the erase verify and 
counts the number of sequences. A status bit, Data Poll- 
ing, provides feedback to the user as to the status of the 
erase operation. 


Embedded Programming Algorithm 


AMD now makes programming extremely simple and 
reliable. The Embedded Programming algorithm 
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requires the user to only write a program set-up 
command and a program command. The device auto- 
matically times the programming pulse width, provides 
the program verify and counts the number of se- 
quences. A status bit, Data Polling, provides feedback 
to the user as to the status of the programming 
operation. 


Data Protection 

The Am28F512A is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F512A powers up inits read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting from Vcc 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < VLko, the command 
register is disabled and all internal progranverase cir- 
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vcc 
level is greater than Vio. It is the users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 

Writing is inhibited by holding any one of OE = Vit, 
CE = Vin or WE = Vin. To initiate _a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi_ and OE = Vin 
will not accept commands onthe rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 
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FUNCTIONAL DESCRIPTION 
Description of User Modes 


Table 1. Am28F512A User Bus Operations 


. 0 ti Vpp 
| eee CE(E) | OE) | WE(W) | (Note 1) 


pRead Te OT we |X emf Ao | AS | Dour _ 
a ee 
Read-Only 








Auto-Select Manufacturer VPPL VIL aon Boas 
Code (Note 2) (Note 3){ (01H) 
Auto-Select Device Code VPPL VIH VID CODE 
(Note 2) (Note 3)} (AEH) 
Read Vit VIH VPPH AQ DouT 
(Note 4) 
adie pve TX |X Vers |X |X | CHIGHZ 
ea rite 
Ouiput Disab ie LL 
Write L VPPH AO AQ DIN 
(Note 6) 


Legend: 


X = Don't care, where Don't Care is either Vit or Vin levels, VepL = Vep S$ Vcc + 2 V, See DC Characteristics for voltage 
levels of VpPH, OV <An < Vcc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. Vpp. may be grounded, connected with a resistor to ground, or S Vcc +2.0 V. VpPH is the programming voltage specitied 
for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written or erased. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 
11.55 VibS13.0V 

Read operation with Vpp = VppH may access array data or the Auto select codes. 

With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


Refer to Table 3 for valid Din during a write operation. 


N O29 GM KR WN 


All inputs are Don’t Care unless otherwise stated, where Don’t Care is either Vit or Vin levels. In the Auto select mode all 
addresses except A9 and AO must be held at Vit. 
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READ ONLY MODE 
Vep<Vect+2V 

Command Register Inactive 
Read 


The Am28F 512A functions as aread only memory when 
Veep < Vcc +2 V. The Am28F512A has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 


to valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 


The Am28F512A has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5 V), consumes 
less than 100 pA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1 mA. When inthe standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 
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Auto Select 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address A0 from Vit to Vin. All other 
address lines must be held at Vi_, and Vpp must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = ViL) represents the manufacturer 
code and byte 1 (AO = Vin) the device identifier code. For 
the Am28F512A these two bytes are given in the table 
below. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F512A Auto Select Code 





|ManufacturerCode Code 


Code 
Type cae DQ1 


eee Peet eet 
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ERASE, PROGRAM, AND READ MODE 


Vep = 12.0V+5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vi, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


The device requires the OE pinto be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If 
any pin is not in the correct state a write command will 
not be executed. 


PRELIMINARY 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to 00H 
(Read Mode) in the absence of high voltage applied to 
the Vee pin. The device operates as a read only mem- 
ory. High voltage on the Vere pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 3 
defines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The 
device will remain in the read mode until the command 
register contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Ver power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. AmM28F512A Command Definitions 








Read Memory (Note 4) 
Read Auto select 





Embedded Program Set-up/ Write 
Embedded Program 


Notes: 
1. Bus operations are defined in Table 1. 
2. RA = Address of the memory location to be read. 


PA = Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 


X = Don't care. 
3. RAD = Data read from location RA during read operation. 


First Bus Cycle Second Bus Cycle 
Operation Address Data Operation Address 
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) 


80H or 90H Read 00H/01H 


Reset (Note 4 FF 


Embedded Erase Set-up/ Write xX 
Embedded Erase 





Data 
(Note 3) 
01H/AEH 





PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 


4. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic chip erase does not require the device to 
be entirely pre-programmed prior to executing the Em- 
bedded set-up erase command and Embedded erase 
command. Upon executing the Embedded erase com- 
mand the device automatically will program and verify 
the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation are complete when the 
data on DQ7 is “1” (see Write Operation Status section) 
at which time the device returns to Read mode. The sys- 
tem is not required to provide any control or timing dur- 
ing these operations. 
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When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (no erase ver- 
ify command is required). The margin voltages are inter- 
nally generated in the same manner as when the 
standard erase verify command is used. 


The Embedded Erase Set-Up command is a command 
only operation that stages the device for automatic elec- 
trical erasure of all bytes in the array. Embedded Erase 
Set-Up is performed by writing 30H to the command 
register. 


To commence automatic chip erase, the command 30H 
must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on DQ7 is “1” (see Write Op- 
eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 4 illustrate the Embedded Erase al- 
gorithm, a typical command string and bus operation. 














Erasure Completed 
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Figure 5. Embedded Erase Algorithm | 
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Table 4. Embedded Erase Algorithm 







Write Embedded Erase 
| Set-Up Command 








Note: 





Bus Operations 
Standby ie ee ee Wait for Vpp Ramp to VpPH (1) 


Write Embedded Erase Data = 30H 
Command 


Lee Data Polling to Verify Erasure 
Standby Bee oe il Compare Output to FFH 
LE ieee ll Available for Read Operations 









1. See DC Characteristics for value of VppL. The Vpppower supply can be hard-wired to the device or switchable. When Vpp is 
switched, VepL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Functional 


Description. 





Embedded Programming Algorithm 


The Embedded Program Set-Up is a command only op- 
eration that stages the device for automatic program- 
ming. Embedded Program Set-Up is performed by 
writing 10H or 50H to the command register. 


Once the Embedded Set-Up Program operation is per- 
formed, the next WE pulse causes a transition to an ac- 
tive programming operation. Addresses are latched on 
the falling edge of CE or WE pulse, whichever happens 
later. Data is latched on the rising edge of WE or CE, 
whichever happens first. The rising edge of WE also 


begins the programming operation. The system is not 
required to provide further controls or timings. The de- 
vice will automatically provide an adequate internally 
generated program pulse and verify margin. The auto- 
matic programming operation is completed when the 
data on DQ7 is equivalent to data written to this bit (See 
Write Operation Status section) at which time the device 
returns to Read mode. 


Figure 6 and Table 5 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 










Increment Address 


Apply VPPH 
Write Embedded Set-up Program Command 


Write Embedded Program Command (A/D) 
Data Poll Device 


Programming Completed 
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Figure 6. Embedded Programming Algorithm 
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Table 5. Embedded Programming Algorithm 






Write Embedded Program 
Set-Up Command 


Note: 





Bus Operations 
Standby ee ee Wait for Vpp Ramp to VpPH (1) 


Data = 10H or 50H 
Write Embedded Program Valid Address/Data 
Command 


Data Polling to Verify Completion 


Available for Read Operations 












1. See DC Characteristics for value of VppH. The VpPpower supply can be hard-wired to the device or switchable. When Vpp is 


switched, Vpp. may be ground, no connect with a resistor tied to ground, orless than Vcc + 2.0 V. Refer to Functional Descrip- 
tion. Device is either powered-down, erase inhibit or program inhibit. 





Write Operation Status 
Data Polling—DQ7 


The Am28F512A features Data Polling as a method to 
indicate to the host system that the Embedded algo- 
rithms are either in progress or completed. 


While the Embedded Programming algorithm is in op- 
eration, an attempt to read the device at a valid address 
will produce the complement of expected Valid data on 
DQ7. Upon completion of the Embedded Program algo- 
rithm an attempt to read the device ata valid address will 
produce Valid data on DQ7. The Data Polling feature is 
valid after the rising edge of the second WE pulse of the 
two write pulse sequence. 


While the Embedded Erase algorithm is in operation, 
DQ7 will read “O” until the erase operation is completed. 
Upon completion of the erase operation, the data on 
DQ7 will read “1.” The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 


See Figures 7a and 8a for the Data Polling timing speci- 
fications and diagrams. Data Polling is the standard 
method to check the write operation status, however, an 
alternative method is available using Toggle Bit. 
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START 


Read Byte 


_ | VA = Byte address for programming 
TAadeVA = XXXXH during chip erase 








YES 
DQ7=Data 
? 


NO 


YES 


Read Byte 
(DQ0-DQ7) 
Addr=VA 





YES 





NO 


= 
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Note: 
1. DQ7 is rechecked even if DO5="1" because DQ7 may change simultaneously with DQS5 or after DOS. 


Figure 7a. Data Polling Algorithm 
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Toggle Bit—DQ6 


The Am28F512A also features a “Toggle Bit” as a 
method to indicate to the host system that the Embed- 
ded algorithms are either in progress or completed. 


Successive attempts to read data from the device at a 
valid address, while the Embedded Program algorithm 
is in progress, or at any address while the Embedded 
Erase algorithm is in progress, will result in DQ6 tog- 
gling between one and zero. Once the Embedded Pro- 
gram or Erase algorithm is completed, DQ6 will stop 


START 


Read Byte 


(DQ0-DQ7) 


Addr=VA 





DQ6=Toggle 
? 

YES 

YES 


Read Byte 


(DQ0-DQ7) 
Addr=VA 





DQ6=Toggle 
? 


YES 


Note: 


toggling to indicate the completion of either Embedded 
operation. Only on the next read cycle will valid data be 
obtained. The toggle bit is valid after the rising edge of 
the first WE pulse of the two write pulse sequence, un- 
like Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter- 
mine if the device is partially through the two write pulse 
sequence. 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 


VA = Byte address for programming 
= XXXXH during chip erase 


NO 


NO 


18880A-9 


1. DQ6 is rechecked even if DQ5=“1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Figure 7b. Toggle Bit Algorithm 
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tCE 
re toH 
| — % 11 \ High Z 
Dar cs ian 7 
tWHWH 3 or 4 
p00-Dae (XK 00-Dae=Imaia NEED, 


18880A-10 
Note: 


*DQ7= Valid Data (The device has completed the Embedded operation). 





Figure 8a. AC Waveforms for Data Polling During Embedded Algorithm Operations 





2-114 Am28F512A 


PRELIMINARY 


DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits. This is a failure condition 
and the device may not be used again (internal pulse 
count exceeded). Under these conditions DQ5 will pro- 
duce a “1.” The program or erase cycle was not 


AMD él 


successfully completed. Data Polling is the only operat- 
ing function of the device under this condition. The CE 
circuit will partially power down the device under these 
conditions (to approximately 2 mA). The OE and WE 
pins will control the output disable functions as 
described in Table 1. 


tOEH 


Data DQ6 
DQ0-DQ7 pees togg)2 POb= Toggle Xx Stop Toggling Valid 


Note: 


DQ0-DQ7 


tOE 18880A-11 


*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 8b. AC Waveforms for Toggle Bit During Embedded Algorithm Operations 


Parallel Device Erasure 


The Embedded Erase algorithm greatly simplifies paral- 
lel device erasure. Since the erase process is internal to 
the device, a single erase command can be given to 
multiple devices concurrently. By implementing a paral- 
lel erase algorithm, total erase time may be minimized. 


Note that the Flash memories may erase at different 
rates. If this is the case, when a device is completely 
erased, use a masking code to prevent further erasure 
(over-erasure). The other devices will continue to erase 
until verified. The masking code applied could be the 
read command (00H). 


Power-Up Sequence 

The Am28F512A powers-up in the Read only mode. 
Power supply sequencing is not required. 

Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset must be written two consecutive times after 
the Set-up Program command (10H or 50H). This will 
reset the device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. . 


The Set-up Program command (10H or 50H) is the only 
command that requires a two-Ssequence reset cycle. 
The first Reset command is interpreted as program 
data. However, FFH data is considered as null data dur- 
ing programming operations (memory cells are only pro- 
grammed from a logical “1” to “O”). The second Reset 
command safely aborts the programming operation and 
resets the device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 


prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the Set-up Program state or not. 
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_In-System Programming Considerations 


Fiash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the circuit board. 


Auto Select Command 


AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Inor- 
der to correctly program any Flash memories in-system, 
manufacturer and device codes must be accessible 
while the device resides in the target system. PROM 


PRELIMINARY 


programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto address lines is not a generally desired 
system design practice. 


The Am28F512A contains an Auto Select operation to 
supplement traditional PROM programming methodolo- 
gies. The operationis initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H (AMD). A read cycle from address 0001H returns 
the device code AE (see Table 2). To terminate the op- 
eration, it is necessary to write another valid command, 
such as Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 


Ceramic Packages ............. —65°C to +150°C 
Plastic Packages ............... 65°C to +125°C 
Ambient Temperature 

with Power Applied ............ —55°C to + 125°C 


Voltage with Respect To Ground | 
All pins except A9 and Vpp 


(NOU) oie cts oe Maes poke eee -2.0Vto+/7.0V 
VCCUNOE <a aye eed oe eS -2.0Vto+7.0V 
AQ (Note 2) ..... 00... eee eee . 2.0 Vto 414.0 V 
Vpp (Note 2).............00 00. —2.0V to +14.0 V 
Output Short Circuit Current (Note 3) ...... 200 mA 
Notes: 


_ 1. Minimum DC voltage on input or VO pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on output and 
V/O pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20ns. 


2. Minimum DC input voltage on A9 and Vpp pins is -0.5 V. 


During voltage transitions, A9 and Vep may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 


voltage on A9 and Vpp is +13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. Nomore than one output shorted at atime. Duration of the 
short circuit should not be greater than one second 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


AMD L\ 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
industrial (1) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vec for AmM28F512A-X5 ........ +4.75 V to +5.25 V 
Vcc for AmM28F512A-XX0 ....... +4.50 V to +5.50 V 
Vpep Supply Voltages 

RGdG sp aceeee woe he bea ,. 0.5 V to +12.6V 
Program, Erase, and Verify ..... +11.4V to +12.6V 


Operating ranges define those limits between which the fun- 
tionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 20 ns 


+0.8 V 
-0.5V 











20 ns 
18880A-12 
Maximum Positive Input Overshoot 
20 ns 
Vec+2.0V 
Vcc +0.5V 
2.0V 
20 ns . 20 ns 
18880A-13 
Maximum Vpp Overshoot 
20 ns 


13.5 V 


Vcc+0.5V 





20 ns 20 ns 


18880A-14 
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DC CHARACTERISTICS over operating range unless otherwise specified (Notes 1—4) 
DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 


Parameter 
syne Parameter Description Test Conditions 
Input Leakage Current Vcc = Vcc Max, .0 
Vin = Vccor Vss 
ILo Output Leakage Current Vcc = Vcc Max, +1.0 pA 
| Vout = Vcc or Vss 
Iccs Vcc Standby Current Vcc = Vcc Max 0.2 1.0 mA 
CE = ViH 
Icc1 Vcc Active Read Current Voc = Vcc Max, CE = Vit, OE = VIH mA 
lout = O mA, at 6 MHz 
Icc2 Vcc Programming Current CE = VIL 30 mA 
Programming in Progress (Note 4) 
lcc3 Vcc Erase Current CE = VIL 
Erasure in a ia (Note 4) 


Vpp | VppStandby Current | Current VPP = Vep=VppL 


ae Vpp Read Current VPP = VPPH ae 
CL CD 
Ipp2 Vpp eg ramnraning Current Vpp = VPPH 
Programming in Progress (Note 4) 
Vpp Erase Current Vep = VpPPH 
Erasure in eernee cere (Note 4) 


| InputLow Voltage | InputLow Voltage Voltage 


Input High Voltage cs 
+0.5 


Output Low Voltage lo. = 5.8 mA 0.45 
Vcc = Vcc Min 
VOH1 Output High Voltage loH = —2.5 mA 2.4 
. ——___— Vcc Min 


AQ Auto Select Current AQ = re Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = VPPL oo 
VPPH Vpp during Read/Write 11.40 12.6 V 
Operations 


[wine | towvestoccouverage [SSCS dP id 


Notes: 
1. Caution: the Am28F512A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 





































2. Icc1 is tested with OE = Vin to simulate open outputs. 


3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions 





| 
IL 


L Input Leakage Current Vcc = Vcc Max, 
| Vin = Vcc or Vss 
Output Leakage Current Vec = Vcc Max, 
Vout = Vcc or Vss : 


Vcc = Vcc Max, CE = Vit, OE = VIH 





Iccs Vcc Standby Current Vcc = Vcc Max 
CE = Vcc + 0.5 V 
louT = 0 mA, at 6 MHz 

Icc2 Vcc Programming Current CE = VIL 30 mA 
Programming in Progress (Note 4) 





Icc3 Vcc Erase Current CE = VIL 
Erasure in Progress (Note 4) 


Vep Standby Current 





Ipp2 Vpp Programming Current Vpp = VPPH | | 
Programming in Progress (Note 4 
IPP3 Vpp Erase Current Vpp = VPPH 
aed Erasure in Progress (Note 4) 


Input Low Voltage 


| 
ve Se ee 
VIH Input High Voltage 0.7 Vcc Vcc V 
+ 0.5 
L 
D 


0 
| 
| 


Vo Output Low Voltage lo.=5.8mA 0.45 V 
Vec = Vcc Min | 


AQ Auto Select Current AQ = ViD Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are Vcc V 
Operations _ | inhibited when Vpp = VpPL + 2.0 
VPPH. Vpp during Read/Write 1 
Operations 


Low Vcc Lock-out Voltage 


Notes: 






1. Caution: the Am28F512A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 
Icc1 is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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Icc Active 
in mA 





0 1 2 3 4 5 6 7 8 9 10 11 12 


Frequency in MHz 
18880A-15 


Figure 9. Am28F512A — Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 
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PIN CAPACITANCE 





1. Sampled, not 100% tested. 
2. Test conditions Ta = 25°C, f = 1.0 MHz 





SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1—4) 







Am28F512 


Parameter 
Symbols 
-120 
JEDEC|Standard| Parameter Description Ee) 
tAVAV Read Cycle Time 70 120 | 150 | 200 
(Note 4) 
tELQV Chip Enable 
Access Time Ee 120 | 150 
tavav tacc | Address , Min 
Access Time Max 70 120 150 250 













tGLOQV tOE Output Enable Min 
Access Time Max 35 35 
tELQX tLz Chip Enable to 
Output in Low Z (Note 4) 
tEHQZ tDF Chip Disable to | 
Output in High Z (Note 3) 20 35 35 
tGLax toLz | Output Enable to 
Output in Low Z (Note 4) 
tGHaz Output Disable to Min 
Output in High Z (Note 4) Max 20 30 35 35 35 
tAXQX Output Hold from first of Min 
Address, CE, or OE Change Max 
(Note 4) 
tWHGL Write Recovery 
Time before Read 
tvcs Vcc Set-up Time to 50 
Valid Read (Note 4) 


Notes: 


1. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: $ 10 ns 
Input Pulse levels: 0.45 to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 Vand2V 
Outputs: 0.8 V and 2 V 


2. The Am28F512A-75 and Am28F512A-95 Output Load: 1 TTL gate and Cy = 100 pF 


Input Rise and Fall Times: S$ 10 ns 
Input Pulse levels:0 Vto3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 





3. Guaranteed by design not tested. 
4. Not 100% tested. 
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AC CHARACTERISTICS—Write/Erase/Proa perations (Notes 1-6) 


Am28F512A 


| Symbols -120 | -150 
JEDEC Parameter Description 75 
tAVAV Write Cycle Time Min 70 120 150 
(Note 6) Max 
tAVWL Address Set-Up Time Min 
Max 
Address Hold Time Min 45 75 75 
Max 
Data Set-Up Time Min 45 45 50 50 50 50 
Max 
Data Hold Time Min 10 10 10 10 10 
Max 


Output Enable Hold Time Min 10 10 10 10 10 10 
for Embedded Algorithm Max 
only (See Figure 8) 
Read Recovery Time Min 
before Write Max 
tELWLE tCSE Chip Enable Embedded Min 20 al cad at i is 
Algorithm Setup Time Max 
tWHEH Chip Enable Min 
Hold Time Max 
tWLWH Write Pulse Width Min 45 45 50 
Max 
tWHWL twPH | Write Pulse Min 20 20 20 20 20 20 
Width HIGH Max . 
tWHWH3 Embedded Programming Min 14 14 14 14 14 14 ps 
Operation (Note 4) Max 
tWHWH4 Embedded Erase Typ 5 5 5 5 5 
Operation (Note 5) Max 
Vpp Set-Up Time to Min 100 | 100 | 100 | 100 } 100 100 
Chip Enable LOW (Note 6) Max 
Vcc Set-Up Time to Min 50 50 50 50 50 50 
Chip Enable LOW (Note 6) Max 
Vpp Rise Time Min 500 | 500 | 500 | 500 |} 500 | .500 
90% VPPH (Note 6) Max 
Vpp Fall Time Min 500 7 500 | 500 } 500 | 500 500 
90% VpPL (Note 6) Max - 
Vcc < VLKO . Min 100 | 100 | 100 | 100 100 
to Reset (Note 6) Max 
Notes: 


1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 
-2. Alldevices except Am28F512A-75 and Am28F512A-95. Input Rise and Fall times: S$ 10 ns; 5; Input Pulse Levels: 0.45 Vto2.4V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


3. Am28F512A-75 and Am28F512A-95. Input Rise and Fall times: S$ 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 


4. Embedded Program Operation of 14 41s consists of 10 1s program pulse and 4 ys write recovery before read. This i is 
the minimum time for one pass through the programming algorithm. | 


ram O 



























tWLAX 


tDVWH 


tWHDX 





tOEH 






tGHWL 





tVPEL 


tvcs 


tVPPR 


tVPPF 


tLKO 





5. Embedded erase operation of 5 sec consists of'4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 
6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 





WAVEFORM INPUTS OUTPUTS 
Must be Will be 
Steady Steady 
May Will be 
Change Changing 
from H to L from HtoL 
May Will be 
Change Changing 
from Lto H from L to H 
Don’t Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High- 
Impedance 
“Off” State 
KS000010 
SWITCHING WAVEFORMS 
Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid Standby, Power-down 


Addresses KK KKXXA | Addresses Stable 


tAVAV (tRC) 
CE (E) 
OE (G) 
tWHGL 
WE (W) tGLav (toe) 
tELQv (tCE) 
tGLax (toLz) 
tELOx (tLZ) 


ees High Z Ives (((( (4 


tavav (tacc) 
5.0 V 
Vcc 
0V 


AAA 


tEHQZ 
(toF) 


tGHQz 
(tpF) 


tAXQxX (tOH) 


High Z 
Output Valid ) 


18880A-16 


Figure 10. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


Embedded Embedded 
Erase Set-Up Erase Erase Data Polling Standby Read 


OO AKAMA 


Addresses 





Data 


Vcc 


Vpp ; 
18880A-17 


=~ {tVPEL 


Note: 
1. DQ7 is the output of the complement of the data written to the device. 


Figure 11. AC Waveforms for Embedded Erase Operation 
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SWITCHING WAVEFORMS 


Embedded Embedded 


Program Set-Up Program Data Polling Read 
rasresses XXX PA XXXKK PA KKK 
twc tRC 
tas 


i twP 
ve {IA | 
tOF 
aaa 
oe Le on {oer oooon 4] >) 


Vcc | tCE 
Vpp 


> tVPEL 


18880A-18 


Notes: 
1. Din is data input to the device. 
2. DQ7 is the output of the complement of the data written to the device. 


3. DourT is the output of the data written to the device. 


Figure 12. AC Waveforms for Embedded Programming Operation 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1—6) © 
Alternate CE Controlled Writes 


Parameter 
Symbols 


JEDEC 
tAVAV 


Standard| Parameter Description 
t 


tAVEL 


tELAX 


Address Hold Time 
Data Set-Up Time Min 
Max 


Data Hold Time 


tDVEH 


WC 
tAH 
tDH 


tEHDX 


tOEH Output Enable Hold Time 
for Embedded Algorithm 
only (See Figure 8) 

Read Recovery Time 
Before Write 


tWLEL tws | WE Set-Up Time 
by CE : 


tELEH tcP Write Pulse Width Min 
Max 
tEHEL tcPH | Write Pulse Min 
Width HIGH 7 Max 

tEHEH3 Embedded Programming Min 14 
Operation (Note 4) Max 

Embedded Erase Min 3 
Operation (Note 5) Max 


Vpp Set-Up Time to Min 
Chip Enable LOW (Note 6) Max 


Vcc Set-Up Time to Min 50 

Chip Enable LOW (Note 6) Max ) 

Vpp Rise Time in 500 | 500 | 50 

90% VpPH (Note 6) Max 

Vpp Fall Time Min 500 | 500 | 500 

90% VppL (Note 6) Max 

Vee < VLKO ~ Min | 100 | 100 } 100 } 100 | 10 
to Reset (Note 6) Max 


1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only opérations. 

2. Alldevices except Am28F512A-75 and Am28F512A-95. Input Rise and Fall times: S 10ns; Input Pulse Levels: 0.45 Vito 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 Vand 2.0 V 

3. Am28F512A-75 and Am28F512A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.0 Vto 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

4. Embedded Program Operation of 14 us consists of 10 us program pulse and 4 us write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 

5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is 

__ typical time for one embedded erase operation. 

6. Not 100% tested. 


tGHEL 
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SWITCHING WAVEFORMS 


Embedded Embedded o. 
Program Set-Up Program Data Polling 
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OE 
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Para 
tDS 
Vcc 
Vpp 
tVPEL 
18880A-19 
Notes: 


1. DIN is data input to the device. 
2. DQ7 is the output of the complement of the data written to the device. 
3. Dour is the output of the data written to the device. 


Figure 13. AC Waveforms for Embedded Programming Operation 
Using CE Controlled Writes 
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SWITCHING TEST CIRCUIT 







Device 
Under 
Test 


2.7 kQ 


0+5V 


Diodes = IN3064 
or Equivalent 


18880A-20 


CL = 100 pF including jig capacitance 





SWITCHING TEST WAVEFORMS 


2.4V 





2.0 V 2.0V 


> Test Points < 


0.8 V 0.8V 





0.45 V 


Input. . Output 


All Devices Except Am28F512A-75 and Am28F512A-95 


AC Testing: Inputs are driven at 2.4 V fora 
logic “1” and 0.45 V for alogic “0”. Input pulse 
rise and fall times are < 10 ns. 





3V 







1.5 Test Points —» 1.54 


OV 


Input Output 


For Am28F512A-75 and Am28F512A-95 


AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0 V for a logic “O”. Input pulse rise 
and fall times are < 10 ns. 


18880A-21 
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ERASE AND PROGRAMMING PERFORMANCE 


Parameter Pm [ww [od (Note 3) Unit 
Chip Erase Time Excludes 00H programming 
Fre 1) Note 2) prior to erasure 











Chip Programming Time 





Write/Erase Cycles | 


Byte Program Time 






100,000 
Notes: 


1. 25°C, 12 V Vpp 


2. The Embedded algorithm allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Embedded Algorithm internal counter 
which allows for a maximum 6000 pulses for both program and erase operations. Typical worst case for program and erase 
is significantly less than the actual device limit. 


4. Typical worst case = 84 1s. DQ5 = “1” only after a byte takes longer than 96 ms to program. 





LATCHUP CHARACTERISTICS 










Input Voltage with respect to Vss on all pins except I/O pins 
(Including A9 and Vpp) 


Input Voltage with respect to Vss on all pins I/O pins Vcc + 1.0 V 
100 mA | _ +100mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 
















DATA RETENTION | 


Parameter Test Conditions 


Minimum Pattern Data Retention Time 150°C He} at 





Ee 
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Am28F010 


1 Megabit (131,072 x 8- -Bit) CMOS 12.0 Volt, Bulk Erase 


Flash Memory 


Advanced 
Micro 
Devices 





DISTINCTIVE CHARACTERISTICS 
@ High performance 

— 90 ns maximum access time 
m@ CMOS Low power consumption 

— 30 mA maximum active current 

— 100 HA maximum standby current 

— No data retention power consumption 


m@ Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 


— 32-pin DIP 

— 32-pin PLCC 

— 32-pin TSOP 

— 32-pin LCC 
@ 10,000 write/erase cycles minimum 
@ Write and erase voltage 12.0 V +5% 


mM Latch-up protected to 100 mA 
from ~-1 V to Vcc +1V 


m Flasherase Electrical Bulk Chip-Erase | 
— One second typical chip-erase 

@ Flashrite Programming 
— 10 us typical byte-program 
— Two seconds typical chip program 


m@ Command register architecture for 
microprocessor/microcontroller compatible 
write interface 


m@ On-chip address and data latches 

m@ Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 

@ Automatic write/erase pulse stop timer 





GENERAL DESCRIPTION 


' The Am28F010 is a 1 Megabit Flash memory organized 
as 128K bytes of 8 bits each. AMD’s Flash memories 
offer the most cost-effective and reliable read/write non- 
volatile random access memory. The Am28F010 is 
packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in the ceramic DIP and LCC 
packages. It is designed to be reprogrammed and 
erased in-system or in standard EPROM programmers. 
' The Am28F010 is erased when shipped from the 
factory. 


The standard Am28F010 offers access times as fast as 
90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F010 has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F010 uses a command register to manage this 
functionality, while maintaining a JEDEC Flash Stan- 
dard 32-pin pinout. The command register allows for 
100% TTL level control inputs and fixed power supply 
levels during erase and programming, while maintaining 
maximum EPROM compatibility. 


Publication# 11559 Rev.F Amendment/0 
Issue Date: March 1994 


AMD’s Flash technology reliably stores memory con- 
tents even after 10,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F010 uses a 
12.0 V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 


The highest degree of latch-up protection is achieved 
with AMD’s proprietary non-epi process. Latch-up 
protection is provided for stresses up to 100 milliamps 
on address and data pins from —1 V to Vcc +1 V. 


The Am28F010 is byte programmable using 10 1s pro- 
gramming pulses in accordance with AMD's Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F010 is two seconds. 
The entire chip is bulk erased using 10 ms erase pulses 
according to AMD’s Flasherase alrogithm. Typical era- 
sure at room temperature is accomplished in less than 
one .second. The windowed package and the 15-20 
minutes required for EPROM erasure using ultra-violet 
light are eliminated. 
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GENERAL DESCRIPTION 


Commands are written to the command register. using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F010 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 


BLOCK DIAGRAM 


Vec =~ 


Vss 






State 
Control 


Erase 
Vpp Voltage 
a To Arra 


CE whichever occurs first. To simplify the following dis- 
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 


AMD's Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F010 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are 
programmed one byte at a time using the EPROM pro- 
gramming mechanism of hot electron injection. 


DQ0-DQ7 


Ut 













Command 
Register 


Program 
Voltage 
Switch 











Chip Enable 
Output Enable 
Logic 


Input/Output 
ae. Tz 


CE 
ee ee ee 
a 7 rae 


= eee 
Der ee Sh ee 

Low Vcc 

Detector 


Program/Erase 
Pulse Timer 
1,048,576 
A0-A16 X-Decoder Bit 
Cell Matrix 


Am28F010 


t5%Vec Tolerance | 85 Pe ee ee | eee 


Max Recess Time (ws) | 90 +f 80 =< SSO 
CE EyAocossins) «| —«d~Seo «| Sts S«dYSCmSC«SC 
GE G)Access(ns) | 88 | so | | 
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PRODUCT SELECTOR GUIDE 


Family Part No.: 


Ordering Part No.: 
+10% Vcc Tolerance 
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CONNECTION DIAGRAMS 


DIP PLCC* 





11559F-3 





11559F-2 


Note: Pin 1 is marked for orientation. 
*Also available in LCC. 
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TSOP PACKAGES 


A11 
AQ 
A8 

A13 

A14 
NC 

WE 

Vcc 

_Vpp 

A16 

A15 

A1i2 
A7 
A6 
AS 
A4 


O 


1 
2 
3 
4 
5 
6 
v4 
8 
9 





28F010 Standard Pinout 





28F010 Reverse Pinout 11559F-4 


28F010 128K x 8 Flash Memory in 32-Lead TSOP 





LOGIC SYMBOL 





11559F-5 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


AM28F010 -95 J Cc B 


Li OPTIONAL PROCESSING 


Blank = Standard Processing 






B Burn-In 
TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 
| = Industrial (40°C to + 85°C) 
E = Extended (-55°C to + 125°C) 
PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 
Chip Carrier (CLR 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 032) 
SPEED 


See Product Selector Guide and 
Valid Combinations 





DEVICE NUMBER/DESCRIPTION 
Am28F010 | 
1 Megabit (128K x 8-Bit) CMOS Flash Memory 


Valid Combinations 


AM28F010-90 PC, JC, DC, LC, 
AM28F010-95 EC, FC 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 



















AM28F010-120 PC, PI, PE, PEB, released combinations. 
AM28F010-150 | JC, JI, JE, JEB, 
AM28F010-200 | DG, DI, DE, DEB, 

LC, Li, LE, LEB, 

EC, FC, El, Fl, 






EE, FE, EEB, FEB 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by 
a combination of: 





AM28F010 -120 /B 


A 
| en LEAD FINISH 


A = Hot Solder Dip 


PACKAGE TYPE 

X = 32-Pin Ceramic DIP (CD 032) 

U = 32-Pin Rectangular Ceramic 
Leadless Chip Carrier (CLR 032) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am28F010 
1 Megabit (128K x 8-Bit) CMOS Flash Memory 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Valid Combinations 


AM28F010-120 
AM28F010-150 
AM28F010-200 
AM78F010-250 












/BXA, /BUA 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


A0Q-A16 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


CE (E) 

The Chip Enable active low input activates the chip’s 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. : 


DQ0-DQ7 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. | : 


Am28F010 


AMD al 


Vec 
Power supply for device operation. (5.0 V+5% or 10%) 


Vpp 

Power supply for erase and programming. Vpp must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vss 
Ground 


WE (W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F010 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0 V + 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F010 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F010’s command register is written using 
Standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 


vice operations. For system design simplification, the — 


Am28F010 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Flasherase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: The Flash memory array must be completely pro- 
grammed to 0's prior to erasure. Refer to the Flashrite 
Programming Algorithm. 


1. Erase Set-Up: Write the Set-up Erase command to 
the command register. 


2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 
The second command initiates the erase operation. 


The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. An integrated stop timer prevents 
any possibility of overerasure. 


3. Erase-Verify: Write the Erase-verify command to 


the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa- 
tion must be supplied with the Erase-verify com- 
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc- 
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 


If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 
1000 times. | 


Flashrite Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Program Set-Up: Write the Set-up Program com- 
mand to the command register. 


2. Program: Write the Program command to the com- 
mand register with the appropriate Address and 
Data. The system software routines must now time- 
out the program pulse width (10 ps) prior to issuing 
the Program-verify command. An integrated stop — 
timer prevents any possibility of overprogramming. 


3. Program-Verify: Write the Program-verify com- 
mand to the command register. This command ter- 
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 

- data verification, the programming sequence is initi- 
ated again for the next byte address to be 
programmed. 


lf data is not verified successfully, the Program se- 
quence is repeated until a successful comparison is 
verified or the sequence is repeated 25 times. 
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Data Protection 


The Am28F010 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F010 powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting fromVcc 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < VLko, the command 


register is disabled and all internal progranverase cir-, 


cuits are disabled. The device will reset to the read 


FUNCTIONAL DESCRIPTION 
Description of User Modes 


mode. Subsequent writes will be ignored until the Vcc 
levelis greater than Viko. It isthe users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 
Noise pulses of less than 10 ns (typical) on OE, CE or 


WE will not initiate a write cycle. 


Logical Inhibit 


Writing is inhibited by holding any one of. OE = Vi, 
CE = Vin or WE = Vin. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vit and OE= ViH 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 


Table 1. Am28F010 User Bus Operations 





Read ti(i‘SC‘s*” 


| Output Disable sid Disable 





Legend: 


Snacsiae CE a ps Vpp 
P . (Note 1) 


Ae a 
re 


Read-Only Auto-select Manufacturer VPPL Vip CODE 
Code (Note 2) (Note 3)| (01H) 
Auto-select Device Code VPPL Vib CODE 
(Note 2) — 3)| (A7H) 
Read VPPH AO Dout 
(Note 4) 
Read/Write Santi ie) _—_ (Note 5) 
| Output Disable = si Disable 


Write VPPH DIN 
(Note 6) 






re Ce 









x | ee xz 
re a 





X = Don't care, where Don't Care is either Vit or Vin levels, VepL = Vep < Vcc + 2 V, See DC Characteristics for voltage 
levels of VPppH, O V < An < Vcc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. VppL may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VpPL, memory contents can be read but not written or erased. 


11.5<Vin<13.0V 


Refer to Table 3 for valid Din during a write operation. 


NO GM KR &®B ND 


addresses except A9 and AO must be held at Vit. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 


Read operation with Vpp = VppH may access array data or the Auto select codes. 


With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


All inputs are Don't Care unless otherwise stated, where Don 't Care is either Vit or Vin levels. In the Auto select mode all 





Am28F010 
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READ ONLY MODE 
Vep<Vec+2V 

Command Register Inactive 
Read 


The Am28F010 functions as a read only memory when 
Vpp < Vcc + 2 V. The Am28F010 has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 


puts and should be used to gate data to the output pins if 


a device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 


Stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tacc—toe). 


Standby Mode 


The Am28F010 has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5 V), consumes 
less than 100 pA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 


Auto Select 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 


must force Vip (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from Vit to Vin. All other 
address lines must be held at Vit, and Vep must be less 


~ than or equal to Vcc + 2.0 V while using this Auto select 


mode. Byte 0 (AO = Vi). represents the manufacturer 
code and byte 1 (A0 = Vin) the device identifier code. For 
the Am28F010 these two bytes are given inthe table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. | 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F010 Auto Select Code 





|ManufacturerCode sid |ManufacturerCode sid Pov | 


Code 
Type =e 


senna Ae ce a Ce 
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ERASE, PROGRAM, AND READ MODE 


Vep = 12.0 V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. | 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vi, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. !n order to 
write, OE must be Vin, and CE and WE must be Vu. If 
any pin is not in the correct state a write command will 
not be executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to 00H 
(Read Mode) in the absence of high voltage applied to 
the Veep pin. The device operates as a read only mem- 
ory. High voltage on the Ver pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 3 
defines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpr is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The de- 
vice will remain in the read mode until the command 
register contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vee power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. AmM28F010 Command Definitions | 





>< 


Erase Set-up/EraseWrite Write 
(Note 4) 








Notes: 
1. Bus operations are defined in Table 1. 


2. RA = Address of the memory location to be read. 






Second Bus Cycle 


Data Operation Address Data 
(Note 3) (Note 1) (Note 2) (Note 3) 
PRA OL RD 


First Bus Cycle 
Operation Address 
Command (Note 1) (Note 2) 


Read Auto selec [Write [x] 80H or 90H OTHIATH 


A 
9) 
= 
pe) 
3 
<= 
a 
< 
Z 
2. 
© 
a 
= 
3 






20 






| 
Ll LIN 


EA = Address of the memory location to be read during erase-verify. 


PA = Address of the memory location to be programmed. 


X = Don't care. 


Addresses are latched on the falling edge of the WE pulse. 


3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 


PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 


5. Figure 3 illustrates the Flashrite Programming Algorithm. 
6. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Flasherase and Flashrite 
Algorithms 


Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 
Erase Set-Up 


Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Erase Set-up operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
(Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all contro! 
pins are in their proper state. In absence of this high volt- 
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim- 
ing parameters. 


Note: The Flash memory device must be fully pro- 
grammed to OOH data prior to erasure. This equalizes 
the charge on all memory cells ensuring reliable 
erasure. 
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Erase-Verify Command 


The erase operation erases all bytes of the array in 
parallel. After the erase operation, all bytes must be 
sequentially verified. The Erase-verify operation is initi- 


_ ated by writing AOH to the register. The byte address to 


be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse 
or CE pulse, whichever occurs later. The rising edge of 
the WE pulse terminates the erase operation. 


Margin Verify 


During the Erase-verify operation, the Am28F010 ap- 
plies an internally generated margin voltage to the ad-. 
dressed byte. Reading FFH from the addressed byte 


_ indicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE or CE pulse, whichever occurs later. The 
process continues for each byte inthe memory array un- 
tila byte does not return FFH data or all the bytes in the 
array are accessed and verified. 


_Ifan address is not verified to FFH data, the entire chip is 


erased again (refer to Erase Set-up/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 4, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 
sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 
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— Data = OOH 


NO 


Program All Bytes to OOH 
Apply Veex 


Address = 00H 
PLSCNT =0 







Write Erase Set-up Command 
Write Erase Command 
Time out 10ms 


Write Erase Verify Command 


Time out 6uS 


Read Data from Device 


: 


1000 PLSCNT 
YES 


YES 


Apply VpPL NO 
Last Address Increment Address 
YES 
Write Reset Command 
Apply Vert | 
Erasure Completed 
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Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 


This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F010 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. | 


Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the 


device to their charged state (Data = OOH). This is 
accomplished using the Flashrite Programming algo- 
rithm. Erasure then continues with an initial erase op- 
eration. Erase verification (Data = FFH) begins at 
address 0000H and continues through the array to the 
last address, or until data other than FFH is encoun- 
tered. If a byte fails to verify, the device is erased again. 
With each erase operation, an increasing number of 
bytes verify to the erased state. Typically, devices are 
erased in less than 100 pulses (one second). Erase effi- 
ciency may be improved by storing the address of the 
last byte that fails to verify in a register. Following the 
next erase operation, verification may start at the stored 
address location. A total of 1000 erase pulses are al- 
lowed per reprogram cycle, which corresponds to ap- 
proximately 10 seconds of cumulative erase time. The 
entire sequence of erase and byte verification is per- 
formed with high voltage applied to the Vpp pin. Figure 1 
illustrates the electrical erase algorithm. 


Table 4. Flasherase Electrical Erase Algorithm | 











- ae 


Erase Set Up 


Write Erase-Verify (Note 2) 


Standby 





Standby 


Notes: 


Entire memory must = OOH before erasure (Note 3) — 
Note: Use Flashrite programming algorithm (Figure 3) for 
programming. 


Wait for Vpp ramp to VpPH (Note 1) 
Initialize: 

Addresses 

PLSCNT (Pulse count) 


Data = 20H 


Standby Pa Duration of Erase Operation (twHWH2) 


Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 


[| Write Recovery Time before Read=6ns 
Read «| SSSSCSC*di*CRad boo vevverasure 
ee 
Increment pulse count 
Data = FFH, reset the register for read operations. 
Fstandty | *d;CWaltfor Ver rampto Vers (Notes) 





1. See DC Characteristics for value of VePH or VppL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 


2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 


written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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A B C D F G 
Bus Cycle Standby 
Data 


Function Erase Erase Erase Erase- Transition Erase Proceed per 
Set-up (10 ms) Verify (6 ps) Verification Erase 
Algorithm 


Figure 2. AC Waveforms For Erase Operations 


























Analysis of Erase Timing Waveform Erase-Verify 


Note: This analysis does not include the requirementto Upon completion of the erase software timing routine, 
program the entire array to OOH data prior to erasure. the microprocessor must write the Erase-verify com- 
Refer to the Flashrite Programming algorithm. mand (A0H). This command terminates the erase op- 

| eration on the rising edge of the WE pulse (section D). 
Erase Set-Up/Erase The Erase-verify command also stages the device for 
This analysis illustrates the use of two-cycle erase com- data verification (section F). 


mands (section A and B). The first erase command 
(20H) is aset-up command and does not affect the array 
data (section A). The second erase command (20H) in- 
itiates the erase operation (section B) onthe rising edge 
of this WE pulse. All bytes of the memory array are 
erased in parallel. No address information is required. Another software timing routine (6 us duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


The erase pulse occurs in section C. 


Time-Out ee | - During Erase-verification (section F) each address that 
A software timing routine (10 ms duration) must be initi- returns FFH data is successfully erased. Each address 
ated on the rising edge of the WE pulse of section B. of the array is sequentially verified in this manner by re- 


peating sections D thru F until the entire array is verified 


Note: An integrated stop timer prevents any possibility or an address fails to verify. Should an address location 
of overerasure by limiting each time-out period of 10 ms. 
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fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 
100 erase pulses are required. 


Note: All address locations must be programmed to 
OOH prior to erase. This equalizes the charge on all 
memory cells and ensures reliable erasure. 


Flashrite Programming Sequence 
Program Set-Up/Program Command 
Program Set-Up 


The Am28F010 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Program 
Set-up is the first of a two-cycle program command. It 
Stages the device for byte programming. The Program 
Set-up operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi- 
nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 


Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate_ 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 

gram-verify operation stages the device for verification 

of the last byte programmed. Addresses were previ- 

ously latched. No new information is required. 


Margin Verify 
During the Program-verify operation, the Am28F010 ap- 


_ plies an internally generated margin voltage to the ad- 


dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original 
programmed data should be stored for comparison. 
Programming then proceeds to the next desired byte lo- 
cation. Should the byte fail to verify, reprogram (refer to 
Program Set-up/Program). Figure 3 and Table 5 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe- 
cific timing parameters. 


Flashrite Programming Algorithm 


The Am28F010 Flashrite Programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite Programming algorithm uses 
10 us programming pulses. Each operation is followed 
by a byte verification to determine when the addressed 
byte has been successfully programmed. The program 
algorithm allows for up to 25 programming operations 
per byte per reprogramming cycle. Most bytes verify af- 
ter the first or second pulse. The entire sequence of pro- 
gramming and byte verification is performed with high | 
voltage applied to the Vee pin. Figure 3 and Table 5 illus- 
trate the programming algorithm. 
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Verify Byte Increment PLSCNT eat > 


YES YES 


Last Address 


YES 


Write Reset Command 
Apply Vee. | | Apply Veru_| 
Programming Completed Device Failed 





















Increment Address 
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Figure 3. Flashrite Programming Algorithm 





Table 5. Flashrite Programming Algorithm 


Bus Operations Comments | 
Initialize pulse counter 

Write 

Write 


Standby Le Duration of Programming Operation (twHWH1) 
Write Program-Verify (2) Data = COH Stops Program Operation | 

























i Theset | ata = FFU, resets he rogistr for read operations, 
ee 


Standby 
Notes: 

1. See DC Characteristics for value of VppH. The Vep power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 


2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Program 


Function Program 
Set-up 


Command 40H Program N/A COH N/A Compare N/A 
Address, (Stops Data 
Program Program) 


Program 






















Transition Program | Proceed per 
(6 pts) Verification |Programming 
Algorithm 


Program 
Verify 















Figure 4. A.C. Waveforms for Programming Operations 


Analysis of Program Timing Waveforms 
Program Set-Up/Program 


Two-cycle write commands are required for program 
operations (section A and B). The first program com- 
mand (40H) is a set-up command and does not affect 
the array data (section A). The second program com- 
mand latches address and data required for program- 
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is 
programmed on a byte by byte basis either sequentially 
or randomly. 


The program pulse occurs in section C. 

Time-Out 

A software timing routine (10 j1s duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated stop timer prevents any possibility 
of overprogramming by limiting each time-out period of 
10 ps. 


Program-Verify 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 
(COH). This command terminates the programming op- - 
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6 us duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- 
sired address is programmed. Should a byte fail to ver- 
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 
25 program pulses per byte. Typically, bytes are verified 
within one or two pulses. 
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Algorithm Timing Delays 


There are four different timing delays associated wun 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1 jF/device. Vpp 
must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu- 
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse. 


3. A third delay time is required for each programming | 


pulse width (10 us). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut- 
ing any system interrupts that may occur during the 
programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re- 
covery time (6 us). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read 
operations. An attempt to read the device during this 
period will result in possible false data (it may appear 
the device is not properly erased or programmed). 


Note: Software timing routines should be written inma- _ 


chine language for each of the delays. Code written in 
machine language requires knowledge of the appropri- 
ate microprocessor clock speed in order to accurately 
time each delay. 


Parallel Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 
. menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified separately. When a device is com- 
pletely erased and verified use a masking code to pre- 
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-Up Sequence 


The Am28F010 powers-up in the Read oily mode. 
Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The set-up Program command (40H) is the only com- 
mand that requires atwo sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “O”). The second Reset command 
safely aborts the programming operation and resets the 


‘device to the Read mode. 


Memory contents are not altered in any Case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 


Programming In-System 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Auto Select Command 


AMD's Flash memories are designed for use in applica- 
tions where the local.CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising AQ to a high voltage. However, multi- 
plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F010 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or S0H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code A7H (see Table 2). To terminate the opera- 
tion, it is necessary to write another valid command, 
such as Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic Packages ............. —65°C to +150°C 
Plastic Packages ............... ~65°C to +125°C 
Ambient Temperature 
with Power Applied ............ -55°C to + 125°C 


Voltage with Respect To Ground 


All pins except A9 and Vpp (Note 1) -2.0 Vto +7.0V 
VeGINOIE Vein ba hades ad -2.0Vto+7.0V 
AS (INOUE 2) g o2 op eek Ge acke wees —2.0 V to +14.0 V 
Vpp (Note 2)..........00 2c eee -2.0V to +14.0 V 
Output Short Circuit Current (Note 3) ...... 200 mA 


Notes: 


1. Minimum DC voltage on input or I/O pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V for 
periods of upto 20 ns. Maximum DC voltage on output and 
VO pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20ns. 


2. Minimum DC input voltage on A9 and Ver pins is ~0.5 V. 
During voltage transitions, A9 and Vep may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on A9 and Vpp is +13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. No more than one output shorted at a time. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ..........-. 0°C to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —-55°C to +125°C 
Military (M) Devices 
Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vcc for AM28F010—X5 ......... +4.75 V to +5.25 V 
Vcc for AM28F010-XX0 ........ +4,50 V to +5.50 V 
Vpep Supply Voltages 

RR@AG aos a dneeid ores eee —0.5 V to +12.6 V 
Program, Erase, and Verify ..... +11.4V to +12.6V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 








20 ns 20 ns 
+0.8 V 
-0.5V 
-2.0V 
20 ns 
11559F-10 
Maximum Positive Input Overshoot 
20 ns 
Veco + 2.0 V 
Vec +0.5V 
2.0 V 
20 ns 20 ns 

11559F-11 

Maximum Vpp Overshoot 

20 ns 
14.0 V 
13.5V % 
Voc+0.5V 
20 ns ; 20 ns 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL 
ieee oe A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted) 
otes 1-4 


DC CHARACTERISTICS—TTL/NMOS COMPATIBLE 


Parameter , 
Symbol Parameter Description Test Conditions 
tt Input Leakage Current Vcc = Vcc Max, 
: Vin = Vcc or Vss 
Lo Output Leakage Current Vcc = Vcc Max, 
Vout = Vecor Vss 
Iccs Vec Standby Current Vcc = Vcc Max 
CE=VH 
Iecs Vcc Active Read Current Vec = Vcc Max,CE = Vit, OE = ViH 
louT = O mA, at 6 MHz 
Icc2 Vcc Programming Current CE = VIL 
| Programming in Progress (Note 4) 
Icc3 Vcc Erase Current CE = VIL . 
Erasure in Progress (Note 4) 


IPP1 _ Vpp Read Current 
Programming in Progress (Note 4) 
| Erasure in Progress (Note 4) 


Input Low Voltage aaa iP? Rae On ae 
~VIH Input High Voltage 2.0 Vec V 
+ 0.5 
VOL Output Low Voltage lo. = 5.8 mA 0.45 V 
. Vcc = Vcc Min 
VOH1 Output High Voltage lOH = —2.5 mA 2.4 Ve 
Vcc = Vcc Min | 










SB Gal ead 












AQ Auto Select Voltage | A9=Vio | tS | 18.0 | OV 


AS Auto Select Current AQ = Vip Max pA 
Vcc = Vcc Max | 
VPPL Vpp during Read-Only ~ Note: Erase/Program are Vcc V 
Operations inhibited when Vpp = VpPL +2.0 
VPPH Vep during Read/Write — 11.4 V 
Operations 


[wine | tow Vectsskouvetass | ——SCSCS~S 8 | 


1. Caution: the Am28F010 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 








Icc1 is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and ep. 
4. Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Input Leakage Current Vcc = Vcc Max, : 
Vin = Vcc or Vss 
Output Leakage Current Vcc = Vcc Max, + 1.0 pA 
Vout = Vccor Vss 
Iccs Vcc Standby Current Vcc = Vcc Max 15 100 | BA 
CE = Vcc+0.5V © 
Icc1 Vcc Active Read Current Vcc = Vcc Max,CE = Vit, OE = ViH 10 30 mA 
louT = 0 mA, at 6 MHz 
Icc2 Vcc Programming Current CE = VIL 10 mA 
Programming in Progress (Note 4) 
Icc3 Vcc Erase Current CE = VIL 10 30 mA - 
Erasure in ae (Note 4) 


Vpp Standby Current VpP = —— ae ae + 1.0 
Gesrea Cura Ea 


er Vpp Eregrennming Current Vpp = VPPH ae 
Programming in Progress (Note 4) 
Vpp Erase Current Vpp = VPPH 
Erasure in a (Note 4) 


| Input Low Voltage | Low Voltage 


a High Voltage senieoaieeaine E 7 i —— 
+0.5 
Output Low Voltage lo. = 5.8 mA 0.45 
Vec = Vcc Min 
oe | loH = ~2.5 mA, Vec = Vcc Min 
Output High Voltage Vee V 
loH = -100 pA, Vec = Vec Min 
—0.4 
| Vio | AsAutoSelect Voltage | AS= Vio ee a 
A9 Auto Select Current AQ = Vid Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = VPPL + a : 
VPPH Vpp during Read/Write 12.6 
Operations 


F ViKo | Low Vcc Lock-out Voltage _| Vcc Lock-out | Low Vcc Lock-out Voltage _| 

























Notes: 


1. Caution: the Am28F010 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 
. Icc1 is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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Figure 5. Am28F010—Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 
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PIN CAPACITANCE 


Parameter 
"oe Parameter aoa Test Conditions Typ 
Input | Input Capacitance PvN=O 0 es Ot ee es ae 


Output Capacitance pvor-0 i te 
ver Input Capacitance | v=o | |e or 


Notes: | 
1. Sampled, not 100% tested. 


2. Test conditions TA = 25°C, f = 1.0 MHz 












SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1—4) 


Parameter 
Symbols 
JEDEC | Standard Parameter Description hae et ba 
tAVAV Read Cycle Time Min 120 150 200 250 
(Note 4) Max 
tELQV Chip Enable Min 
Access Time Max 
tAVQV _tACC Address Min 
Access Time Max 
tGLoav Output Enable Min 
Access Time Max 
tELQXx Chip Enable to Min 
Output in Low Z (Note 4) Max 
tEHOQZ Chip Disable to Min 
Output in High Z (Note 3) Max 20 30 35 35 35 
tGLax tOLz Output Enable to Min 
Output in Low Z (Note 4) Max 
ee Output Disable to Min 
Output in High Z (Note 4) Max 
inal Output Hold from first of Min 
| Address, CE, or OE Change Max 
(Note 4) 
_TWHGL Write Recovery Min 
Time before Read Max 
tvcs Vcc Set-up Time to Min 
Valid Read (Note 4) Max 


Notes: 


1. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0.45 Vto 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 Vand 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F010-95 Output Load: 1 TTL gate and Cy = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0 Vto3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 


3. Guaranteed by design not tested. 
4. Not 100% tested. 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1- 6) 
eymbels | 90 | -120 | -150 | -200 
JEDEC Parameter Description -95 
twc Write Cycle Time 
(Note 6) 
Address Set-Up Time 
Address Hold Time 
Data Set-Up Time 
tWHDX Data Hold Time 
WP 





tAVAV 
tAVWL 
tWLAX 


tOVWH 


tWHGL Write Recovery Time 
before Read 
Read Recovery Time 
before Write 
Chip Enable 
Set-Up Time 
Chip Enable 
Hold Time 
tWLWH Write Pulse Width | 
tWHWL tWPH Write Pulse 
Width HIGH . 
tWHWH1 Duration of Programming 
Operation (Note 4) 
Duration of Min 
Erase Operation (Note 4) Max 
tVPEL Vpp Set-Up Time to Min 100 
Chip Enable LOW (Note 6) Max 


tGHWL 


tELWL 


tWHEH 


45 


20 


10 


tWHWH2 


On 


9. 


ey) 
< 


tvcs Vcc Set-Up Time to | 
Chip Enable LOW (Note 6) 
Vpp Rise Time 

90% VpPH (Note 6) 


tVPPF Vpp Fall Time 
10% VppL (Note 6) 
tLKO Vcc < VLKO 100 100 100 100 100 
to Reset (Note 6) | . 
Notes: , 


1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 


2. All devices except Am28F010-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


3. Am28F010-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V | 


tVPPR 





4. Maximum pulse widths not required because the on-chip program/erase stop timer will terminate the pulse widths 
internally on the device. 

5. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 


6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS 


Must Be 
_ Steady 


May 
Change 
from H toL 


May 
Change 
from L to H 


- Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 





OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 





SWITCHING WAVEFORMS 


Device and 
Power-Up, Standby Address Selection 


Addresses XXXXX MM 


Outputs 
Enabled 


Addresses Stable 


tavAv (tRC) 


Data 
Valid 


Standby, Power-Down 


XEN 





CE (E) | 
= tEHQZ 
(tDF) 
OE (G) 
tWHGL tGHQZ 
(toF) 
WE (W) tGLaV (tOE) 
tELQv (tCE) 
tGLax (toLz) tAxQX (tOH) 
tELQx (tLZ) 
High Z tves ) iB High Z 
Data (DQ) \ \ Output Valid ) 
tavav (taAcc) 
5.0 V 
Vcc 
OV 
11559F-14 
Figure 6. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 






















Power-Up & Set-Up Erase Erase-Verify Erase. Standby/ 
Standby Command Erase Command gciestle Command < Verification Power-Down 
| KX \/ OOOO \ XK XX ae \/ VVVVY me" 
racossos OX KAMA AAAI ‘ WV ss OOY YY 
tavav(twc) —— tavav(trc) 
tanita) pees 
CE (E) 
! tenoztor) 
— twnen(tcn) 
errr ee 
ee {IF 
/| . 
wf twHGe 
teHoz(tor) 
SS 
WE (W) terov(toe) 
twuwn(twe) twHwe(twen) terox(torz) 
town(tos) i | = | taxox(ton) 
twHox(tox 
HIGH Z DATA IN — DATA IN DATA IN 7 VALID iy 
Data (DQ) Ew (eal) (ee | 
tecox (trz) 
tvcs terov (tce) 
5.0 V 
Vee 
OV 
Vppx 
Vep 


Vee 
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Figure 7. AC Waveforms for Erase Operations 
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SWITCHING WAVEFORMS 














7 Program Command ; . 
Power-Up & Set-Up Program Latch Address &. Verify Programming Standby/ 
Standby Command Data Programming Command Verification Power-Down 
Por (YYYS LYYY YY) YY ‘a Cc me . (YYYX Y\\ (YY) 
MAAKAAADALA VV\c WV AAAAAAUIMAA 
tavav(two) tavav(tac) 
—» twrax(tan) 
tavwi( tas) ss SS 
CE (E) 
teHo2(tor) 
gees pS SS 
OE (G) ae 
A : 
twHat 
teHoz(tor) 
WE (W) teLov(toe) 
twuwn(twe) taLox(torz) 
toww4(tos) Bl taxox(tox) 
lata (DQ) (ee , (| ‘BATA p 
teLox (tiz) 
tvcs teLav (tce) 
5.0V. 
Vec 
OV 
VepH 
Vep 





Vee 
11559F-16 


Figure 8. AC Waveforms for Programming Operations 
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SWITCHING TEST CIRCUIT 







Device 
Under 
Test 


0+5V 


Diodes = IN3064 
or Equivalent 


11559F-17 


Ci = 100 pF including jig capacitance 





SWITCHING TEST WAVEFORMS 








2.4V 
2.0 V 2.0 
> Test Points 
0.8 V —O8V 
0.45 V 





Input Output 


All Devices Except Am28F010-95 


AC Testing: Inputs are driven at 2.4 V fora 
logic “1” and 0.45 V for alogic “0”. Input pulse 
rise and fall times are < 10 ns. 


3V 







1.5@ TestPoints -”1.54 


OV 


Input Output 


For Am28F010-95 


AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0 V for a logic “O”. Input pulse rise 
and fall times are < 10 ns. 


11559F-18 





2-160 


12.0 Volt, Bulk Erase Flash Memories 


AMD at 





ERASE AND PROGRAMMING PERFORMANCE 


Fo Limits 
Parameter Max Comments 
(Note 3) 


Chip Erase Time ee | OOH programming 
fee 1) iets 2) ee | to erasure 

Chip Programming Time Ce Excludes system-level overhead 
Note 1) 


ees 
1. 25°C, 12 V Vpp 
2. The Flasherase/Flashrite algorithms allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max and Flashrite = 25 max). Typical worst case for program and erase operations is significantly 
less than the actual device limit. 










LATCHUP CHARACTERISTICS 


Input Voltage with respect to Vss on all pins except 1/O pins 
(Including AQ and Vpp) 


Input Voltage with respect to Vss on all pins I/O pins Vcc + 1.0 V 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 





DATA RETENTION 


Test Conditions | Min. | Unit__ 
Minimum Pattern Data Retention Time 150°C 


125°C 
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DATA SHEET REVISION SUMMARY FOR 
Am28F010 | 

Data sheet is Final now, and not Preliminary. 

Erase, Program and Read Mode — Write 
Operations 

Removed Command Register Table and Bit 
assignments. 

Erase, Program and Read Mode — Read Command 
The statement requiring a 6 ps wait before accessing 
the first addressed location was removed. 

Table 3— Am28F010 Command Definitions 

The note describing a 6 ps wait before accessing the 
first addressed location was removed. 

Flasherase Erase Sequence — Erase Verify 
Command 


The address latched also depends on the falling edge of 
CE, whichever happens later. 


Flasherase Erase Sequence — Verify Next Address 
The new address latched also depends on the falling 
edge of CE. whichever happens later. 

Auto Select Command 

Programming In-System 


Titles for each section were switched. 


Programming In-System 

It is necessary to write a valid command, such as Reset, 
into the register. 

DC Characteristics - TTL/NMOS Compatible 
Added Note 4. Those characteristics are not 100% 
tested. : 

DC Characteristics - CMOS Compatible 


Added Note 4. Those characteristics are not 100% 
tested. 
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Am28F010A 


1 Megabit (131,072 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 


4," 


Advanced 
Micro 
Devices 


Flash Memory with Embedded Algorithms 


DISTINCTIVE CHARACTERISTICS 
fi High performance 

— 90 ns maximum access time 
m@ CMOS low power consumption 

— 30 mA maximum active current 

— 100 pA maximum standby current 

— No data retention power consumption 


mi Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 


— 32-pin DIP 

— 32-pin PLCC 

— 32-pin TSOP 

— 32-pin LCC 
@ 100,000 write/erase cycles minimum 
H Write and erase voltage 12.0 V +5% 


 Latch-up protected to 100 mA from -1 V to 
Vec+1V 


GENERAL DESCRIPTION 


The Am28F010A is a 1 Megabit Flash memory organ- 
ized as 128K bytes of 8 bits each. AMD's Flash memo- 
ries offer the most cost-effective and reliable read/write 
non- volatile random access memory. The Am28F010A 
is packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in the ceramic DIP and LCC 
packages. It is designed to be reprogrammed and 
erased in-system or in standard EPROM programmers. 
The Am28F010A is erased when shipped from the 
factory. 


The standard Am28F010A offers access times as fast 
as 90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 


the Am28F 010A has separate chip enable (CE) and out- 


put enable (OE) controls. 


AMD’s Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F010A uses a command register to manage this 
functionality, while maintaining a standard JEDEC 
' Flash standard 32-pin pinout. The command register.al- 
lows for 100% TTL level control inputs and fixed power 
supply levels during erase and programming, while 
maintaining maximum EPROM compatibility. 


Publication# 16778 Rev.8 Amendment/0 
Issue Date: March 1994 


EI Embedded Erase Electrical Bulk Chip-Erase 
— Three seconds typical chip-erase including 
pre-programming 
f Embedded Program 
— 14 us typical byte-program including time-out 
— Two seconds typical chip program 
fi Command register architecture for 


microprocessor/microcontroller compatible 
write interface 


O On-chip address and data latches 
Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 


Cf} Embedded algorithms for completely 
self-timed write/erase operations 


AMD's Flash technology reliably stores memory con- 
tents even after 100,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal 
electric fields for erase and programming operations 
produces reliable cycling. The Am28F010A uses a 
12.0V+5% Vpp supply to perform the erase and pro- 
gramming functions. 


The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up pro- 
tection is provided for stresses up to 100 milliamps on 
address and data pins from —1 V to Vcc +1 V. 


Embedded Program 


The Am28F010A is byte programmable using the Em- 
bedded Programming algorithm. The Embedded Pro- 
gramming algorithm does not require the system to 
time-out or verify the data programmed. The typical 
room temperature programming time of the 
Am28F010A is two seconds. 
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GENERAL DESCRIPTION 
Embedded Erase 


The entire chip is bulk erased using the Embedded 
Erase algorithm. The Embedded Erase algorithm auto- 
matically programs the entire array prior to electrical 
erase. The timing and verification of electrical erase are 
controlled internal to the device. Typical erasure at room 
temperature is accomplished in one second. 


AMD's Am28F010A is entirely pin and software compat- 
ible with AMD Am28F020A Flash memory. 


Embedded Programming Algorithm vs. 
Flashrite Programming Algorithm 


The Flashrite Programming algorithm requires the user 
to write a program set-up command, a program com- 
mand (program data and address), and a program verify 
command followed by a read and compare operation. 
The user is required to time the programming pulse 
width inorder to issue the program verify command. An 
integrated stop timer prevents any possibility of over- 
programming. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with the data intended to be written; if there is nota 
match, the sequence is repeated until there is a match or 
the sequence has been repeated 25 times. 


AMD’s Embedded Programming algorithm requires the 
user to only write a program set-up command and a pro- 
gram command (program data and address). The de- 
vice automatically times the programming pulse width, 
provides the program verify and counts the number of 
sequences. A status bit, Data Polling, provides feed- 
back to the user as to the status of the programming op- 
eration. 


Embedded Erase Algorithm vs. Flasherase Erase 
Algorithm 


The Flasherase Erase algorithm requires the device to 
be completely programmed prior to executing an erase 
command. Toinvoke the erase operation the userwrites 


an erase set-up command, an erase command, and an 
erase verify command. The user is required to time the 
erase pulse width in order to issue the erase verify com- 
mand. An integrated stop timer prevents any possibility 
of overerasure. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with erased data. If there is not a match, the 
sequence is repeated until there is a match or the 
sequence has been repeated 1,000 times. 


AMD's Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com- 
mand. The device will automatically pre-program and 
verify the entire array. Then the device automatically 
times the erase pulse width, provides the erase verify 
and counts the number of sequences. A status bit, Data 
Polling, provides feedback to the user as to the status of 


‘the erase operation. 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F010A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occurs first. To simplify the fol- 
lowing discussion, the WE pinis used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F010A electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at a time using the EPROM program- 
ming mechanism of hot electron injection. 
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BLOCK DIAGRAM 



















DQ0-DQ7 
Vcc — 1 
Vss — 
Erase Input/Output 

Vpp Voltage Buffers 

oe To Arra 4 
WE Control ae 

Command Program 
Register Voltage Chip Enable 
Switch Output Enable 

nets _ 
CE ———— ; 
< ; 


eg Embedded 
Algorithms 


Low Vcc 

Detector 

Program/Erase 
Pulse Timer 


A0—-A16 


1,048,576 
Bit 


X-Decoder 
Cell Matrix 
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PRODUCT SELECTOR GUIDE | 


Ordering Part No: 
+10% Vcc Tolerance 















+5% Vcc Tolerance 


Nex AesSee Tine) a TS 
SE (E) Access (ma a 
OE (G) Access (na 
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CONNECTION DIAGRAMS 
DIP | PLCC* 





16778B-3 





16778B-2 


Note: Pin 1 is marked for orientation. 
*Also available in LCC. 
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TSOP PACKAGES 


O 


1 
2 
3 
4 
5 
6 
7 
8 
9 





| 28F010A Standard Pinout 


<q 


Ail 


A14 





28F010A Reverse Pinout 16778B-4 


28F010A 128K x 8 Flash Memory in 32-Lead TSOP 


LOGIC SYMBOL 


DQ0-DQ7 





16778B-5 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 
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AM28F010A_ 


-95 J C 


Am28F010A 


DEVICE NUMBER/DESCRIPTION 


OPTIONAL PROCESSING 
Blank = Standard Processing 


B = Burn-In 


TEMPERATURE RANGE 


C 
| 
E 


now ou 


Commercial (0°C to +70°C) 
Industrial (-40°C to +85°C) 
Extended (-55°C to +125°C) 


PACKAGE TYPE 


p 
J 


T-omnmm 


32-Pin Plastic DIP (PD 032) 

32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 

32-Pin TSOP Standard Pinout (TS 032) 
32-Pin TSOP Reverse Pinout (TSR 032) 
32-Pin Ceramic DIP (CD 032) — 

32-Pin Rectangular Leadless Chip 
Carrier (CLR 032) 


SPEED 
See Product Selector Guide and 
Valid Combinations 


1 Megabit (128K x-8-Bit) CMOS Flash Memory with Embedded Algorithms 


Valid Combinations 


AM28F010A-90 PC, JC, EC, FC, 
AM28F010A-95 DC, LC 


















AM28F010A-120 
AM28F010A-150 
AM28F010A-200 


PC, Pl, JC, Jl, PE, 
PEB, JE, JEB, EC, 
PG, El, Fl EE; Fe, 
EEB, FEB, DC, DI, 
DE, DEB, LC, LI, 
LE, LEB 









Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products . 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by 
a combination of: 


AM28F010A -120 


7 eB A 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 

X = 32-Pin Ceramic DIP (CD 032) 

U = 32-Pin Rectangular Ceramic 
Leadless Chip Carrier (CLR 032) 






DEVICE CLASS 
/B = Class B 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am28F010A 
1 Megabit (128K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 


Valid Combinations 


feieeeee Valid Combinations list configurations planned to 


AM28F010A-120 3 be supported in volume for this device. Consult 
AM28F010A-150 ae ny the local AMD sales office to confirm availability of 
/ ph ifi inati 
AM28F010A-200 U specific valid combinations and to check on newly 


released combinations. 
AM78F010A-250 





Group A Tests 


Group A tests consist of Subgroups 
1, 2,3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


AQ—A16 
Address Inputs for memory iceaiione: Internal latches 
hold addresses during write cycles. 


CE (E) 
The Chip Enable active low input activates the chip’s 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 


DQ0—-DQ7 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G) 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vec 
Power supply for device operation. (5.0 V+5% or 10%) 


Vpp 

Power supply for erase and programming. Vee must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vss 
Ground 


WE (W) 


The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data1s latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F010A uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0 V + 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F010A functions as 
a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F010A’s command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F010A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Embedded Erase Algorithm 


AMD now makes erasure extremely simple and reliable. 
The Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com- 


mand. The device will automatically pre-program and | 


verify the entire array. The device automatically times 
the erase pulse width, provides the erase verify and 
counts the number of sequences. A status bit, similar to 
Data Polling, provides feedback to the user as to the 
status of the erase operation. 


amo © 


Embedded Programming Algorithm 


AMD now makes programming extremely simple and 
reliable. The Embedded Programming algorithm 
requires the user to only write a program set-up 
command and a program command. The device auto- 
matically times the programming pulse width, provides 
the program verify and counts the number of se- 
quences. A status bit, similar to Data Polling, provides 
feedback to the user as to the status of the programming 
operation. 


Data Protection 

The Am28F010A is designedto offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F010A powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting form Vcc. 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle ts locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command 
register is disabled and all internal progranverase cir- 
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vcc | 
levelis greater than Viko. It isthe users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or | 
WE will not initiate a write cycle. 


Logical Inhibit 


- Writing is inhibited by holding any one of OE = Vi, 


CE= Vin or WE = Vin. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi_andOE=ViH 
willnot accept commands onthe rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 
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FUNCTIONAL DESCRIPTION 
Description of User Modes 


Table 1. Am28F010A User Bus Operations 


O Vpp 
peration CE (E) WE (W) | (Note 1) 


[Read sts~—<“—s;séirSCti Sd eee ee ee ae 
| Standby | 
[Output Disable | 
“— eoee ep 
Code (Note 2) 















a HIGH Z 
(Note 2) 


Read VPPH AO DoutT 
(Note 4) 
Standby (Note 5 
Ses aris ea 


ae ee ee 
oe 







VPPL Vit Vib a 
(Note 3)} (01H) 
VPPL VIH Vip CODE 
(Note 3)} (A2H) 
Output Disable an 


DIN 
(Note 6) 


Legend: 


X = Don’t care, where Don't Care is either Vit or Vin levels, VepL = VpP S Voc + 2 V, See DC Characteristics for yolage 
levels of VpPH, OV <An < Vcc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. VppL may be grounded, connected with a resistor to ground, or S$ Vcc +2.0 V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VpPL, memory contents can be read but not written or erased. 
Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

191.55 ViDS 13.0 V 

Read operation with Vpp = VepH may access array data or the Auto select codes. 

With Vpp at high voltage, the standby current is Icc + Ipp (standby). 

Refer to Table 3 for valid Din during a write operation. 


NO G& AR WN 


All inputs are Don't Care unless otherwise stated, where Don't Care is either Vit or Vin levels. In the Auto select mode all 
addresses except A9 and AO must be held at Vit. 
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READ ONLY MODE 

Vep < Veco +2 V 

Command Register Inactive 
Read 


The Am28F010A functions as aread only memory when 
Vep < Vcc + 2 V. The Am28F010A has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 


to valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 

The Am28F010A has two standby modes. The CMOS 
standby mode (CE input held at Vcc + 0.5 V), consumes 
less than 100 pA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1 mA. When inthe standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 


Auto Select 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All other 
address lines must be held at Vi_, and Vee must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = Vit) represents the manufacturer 
code and byte 1 (A0 = Vin) the device identifier code. For 
the Am28F010A these two bytes are given in the table 
below. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F010A Auto Select Code 







Manufacturer Code I Vie= 1” Ot. <7) 


Code 
Type — 


ee eee eee ee tee he 
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ERASE, PROGRAM, AND READ MODE 


Vep = 12.0V 45% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vep pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vit, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If 
any pin is not in the correct state a write command will 
not be executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem- - 
ory. High voltage on the Vep pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 3 
defines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The 
device will remain in the read mode until the command 
register contents are altered. 


The command register defaults to OOH (read mode) 
upon Vep power-up. The OOH (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Am28F010A Command Definitions 








Read Memory (Note 4) 
Read Auto select 






Reset (Note 4) X 


Notes: 
1. Bus operations are defined in Table 1. 
2. RA = Address of the memory location to be read. 


PA = Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 


X = Don't care. 
3. RD = Data read from location RA during read operation. 


lemma Seam oo Second Bus Cycle 
Command (Note 1) (Note 2) (Note 3) (Note 1) 
Read 


Embedded Program Set-up/ Write 10Hor 50H | Write 
Embedded Program . 


Wit 


Embedded Erase Set-up/ Write X 
Embedded Erase 
X 





Address Data 
(Note 2) (Note 3) 
PRAT RD 

O01H/A2H 


La Sal 


x 





PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 


4. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic chip erase does not require the device to 
be entirely pre-programmed prior to executing the Em- 
bedded set-up erase command and Embedded erase 
command. Upon executing the Embedded erase com- 
mand the device automatically will program and verify 
the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation are complete when the 
data on DQ7 is “1” (See Write Operation Status section) 
at which time the device returns to Read mode. The sys- 
tem is not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (no erase ver- 
ify commandis required). The margin voltages are inter- 
nally generated in the same manner as when the 
standard erase verify command is used. 


The Embedded Erase Set-Up command is a command 
only operation that stages the device for automatic elec- 
trical erasure of all bytes in the array. Embedded Erase 
Set-Up is performed by writing 30H to the command 
register. 


To commence automatic chip erase, the command 30H 
must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on DQ7 is “1” (see Write Op- 
eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 4 illustrate the Embedded Erase 
algorithm, a typical command string and bus operation. 












Apply VPPH 
Write Embedded Erase Set-Up Command 


Write Embedded Erase Command 
Data Poll from Device 










Erasure Completed 


Figure 5. Embedded Erase Algorithm 
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Table 4. Embedded Erase Algorithm 










Write Embedded Erase 
Set-Up Command 


Bus Operations Command 





Note: 


Standby eo eS Wait for Vep Ramp to VpPH (1) 


Write Embedded Erase Data = 30H | 
Command 


og ee el Data Polling to Verify Erasure 
Standby ar ae, Compare Output to FFH 
ee tee tee ah Available for Read Operations 


1. See DC Characteristics for value of VppL. The Vpppower supply can be hard-wired to the device or switchable. When Vpp is 
switched, VepL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Functional 


Description. 





Embedded Programming Algorithm 


The Embedded Program Set-Up is a command only op- 
eration that stages the device for automatic program- 
ming. Embedded Program Set-Up is performed by 
writing 10H or 50H to the command register. 


Once the Embedded Set-Up Program operation is per- 
formed, the next WE pulse causes a transition to an ac- 
tive programming operation. Addresses are latched on 
the falling edge of CE or WE pulse, whichever happens 
later. Data is latched on the rising edge of WE or CE, 
whichever happens first. The rising edge of WE also 


begins the programming operation. The system is not 
required to provide further controls or timings. The de- 
vice will automatically provide an adequate internally 
generated program pulse and verify margin. The auto- 
matic programming operation is completed when the 
data on DQ7 is equivalent to data written to this bit (see 
Write Operation Status section) at which time the device 
returns to Read mode. 


Figure 6 and Table 5 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 





NO 
Increment Address 


YES 





Programming Completed 


Figure 6. Embedded Program Algorithm 
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Table 5. Embedded Programming Algorithm 






Write Embedded Program 
Set-Up Command 





Note: 


Bus Operations 
Standby Paar Wait for Vpp Ramp to VPPH (1) 


Data = 10H or 50H 
Write Embedded Program Valid Address/Data 
Command 


Data Polling to Verify Completion 
Available for Read Operations 












1. See DC Characteristics for value of VpPH. The Vpppower supply can be hard-wired to the device or switchable. When Vpp is 


switched, VepL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Functional Descrip- 
tion. Device is either powered-down, erase inhibit or program inhibit. 


Write Operation Status 
‘Data Polling—DQ7 


The Am28F010A features Data Polling as a method to 
indicate to the host system that the Embedded algo- 
rithms are either in progress or completed. 


While the Embedded Programming algorithm is in op- 
eration, an attempt to read the device at a valid address 
will produce the complement of expected Valid data on 
DQ7. Upon completion of the Embedded Program algo- 
rithm an attempt to read the device at a valid address will 
produce Valid data on DQ7. The Data Polling feature is 
valid after the rising edge of the second WE pulse of the 
two write pulse sequence. 


While the Embedded Erase algorithm is in operation, 
DQ7 will read “0” until the erase operation is completed. 


~Upon completion of the erase operation, the data on 


DQ7 will read “1.” The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming or erase algorithms. | 


See Figures 7a and 8a for the Data Polling timing speci- 
fications and diagrams. Data Polling is the standard 
method to check the write operation status, however, an 
alternative method is available using Toggle Bit. 
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START 


Read Byte 


2 VA = Byte address for programming 
aon = XXXXH during chip erase 





YES 





NO 


YES 
Read Byte 


(DQ0-DQ7) 
Addr=VA 


YES 





NO 


16778B-8 


Note: 
1. DQ7 is rechecked even if DQ5="1” because DQ7 may change simultaneously with DQS or after DQ5. 





Figure 7a. Data Polling Algorithm 
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Toggle Bit—DQ6 


The Am28F010A also features a “Toggle Bit” as a 
method to indicate to the host system that the Embed- 
ded algorithms are either in progress or completed. 


Successive attempts to read data from the device at a 
valid address, while the Embedded Program algorithm 
Js in progress, or at any address while the Embedded 


toggling to indicate the completion of either Embedded 
operation. Only on the next read cycle will valid data be 
obtained. The toggle bit is valid after the rising edge of 
the first WE pulse of the two write pulse sequence, un- 
like Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter- 
mine if the device is partially through the two write pulse 
sequence. 


Erase algorithm is in progress, will result in DQ6 tog- 
gling between one and zero. Once the Embedded Pro- 
_ gram or Erase algorithm is completed, DQ6 will stop 


START 


Read Byte 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 





VA = Byte address for programming 
= XXXXH during chip erase 


(DQ0-DQ7) 
Addr=VA 





NO 
DQ6=Toggle 
? 
YES 
ES 


Y 
Read Byte 


(DQ0-DQ7) 
Addr=VA 





NO 
DQ6=Toggle 
? 


YES 


Note: 


1. DQ6 is rechecked even if DQ5=“1”" because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 
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Figure 7b. Toggle Bit Algorithm 
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2 {3 
tOF 
OE 


* tOH 


DQ DQ7 (| sy) deste 


DQ7= 
«Kk H Mloas 4 
tWHWH 3 or 4 
= Ce 
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aS 
| 


Note: 
"DQ7= Valid Data (The device has completed the Embedded operation). 


Figure 8a. AC Waveforms for Data Polling During Embedded Algorithm Operations 
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DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits. This is a failure condition 
and the device may not be used again (internal pulse 
count exceeded). Under these conditions DQ5 will pro- 
duce a “1.” The program or erase cycle was not 


amo &1 


successfully completed. Data Polling is the only operat- 
ing function of the device under this condition. The CE 
circuit will partially power down the device under these 
conditions (to approximately 2 mA). The OE and WE 
pins will control the output disable functions as 
described in Table 1. 


cE / \ ; 


tOEH 


Data DQ6 
DQ0-DQ7 DQ6= Toggle DQ6=Toggle x Stop Togglina 


Note: 


DQ0-DQ7 
Valid 


tOE 16778B-11 


*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 8b. AC Waveforms for Toggle Bit During Embedded Algorithm Operations 


Paralle] Device Erasure 


The Embedded Erase algorithm greatly simplifies paral- 
lel device erasure. Since the erase process is internal to 
the device, a single erase command can be given to 
multiple devices concurrently. By implementing a paral- 
lel erase algorithm, total erase time may be minimized. 


Note that the Flash memories may erase at different 
rates. If this is the case, when a device is completely 
erased, use a masking code to prevent further erasure 
(over-erasure). The other devices will continue to erase 
until verified. The masking code applied could be the 
read command (00H). 


Power-Up Sequence . 

The Am28F010A powers-up in the Read only mode. 
Power supply sequencing is not required. 

Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 


user with a safe method to abort any device operation 


(including program or erase). 


The Reset must be written two consecutive times after 
the Set-up Program command (10H or 50H). This will 
reset the device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The Set-up Program command (10H or 50H) is the only 
command that requires a two-sequence reset cycle. 
The first Reset command is interpreted as program 
data. However, FFH data is considered as null data dur- 
ing programming operations (memory cells are only pro- 
grammed from a logical “1” to “O”). The second Reset 
command safely aborts the programming operation and 
resets the device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the Set-up Program state or not. 
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In-System Programming Considerations 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prlonte 
soldering the device to the circuit board. 


Auto Select Command 


AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Inor- 
der to correctly program any Flash memories in-system, 
manufacturer and device codes must be accessible 
while the device resides in the target system. PROM 


programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto address lines is not a generally desired 
system design practice. 


The Am28F010A contains an Auto Select operation to 
supplement traditional PROM programming methodolo- 
gies. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H (AMD). A read cycle from address 0001H returns 
the device code A2H (see Table 2). To terminate the op- 
eration, it is necessary to write another valid command, 
such as Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature . 


Ceramic Packages ............. ~65°C to +150°C 
Plastic Packages ............... —65°C to +125°C 
Ambient Temperature 


with Power Applied ............ —55°C to + 125°C 


Voltage with Respect To Ground 
All pins except AQ and Vpp 


(NOLO DS ia ote Biad eset etere beats -2.0V to +7.0V 
Vec (Note 1) ............ Sis deity ied -2.0 Vto +7.0 V 
AS(NCIG 2): 34 ce5 finda eis onus —-2.0V10+14.0V 
Vpp (Note 2).............20088 —-2.0Vto+14.0V 
Output Short Circuit Current (Note 3) ...... 200 mA 
Notes: 


1. Minimum DC voltage on input or I/O pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to -2.0 V for 
periods of up to 20 ns. Maximum DC voltage on output and 
I/O pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20 ns. 


2. Minimum DC input voltage on A9 and Vpp pins is -0.5 V. 


During voltage transitions, A9 and Vpp may overshoot Vss 
to ~2.0 V for periods of up to 20 ns. Maximum DC input 


voltage on AQ and Vpp is +13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. No more than one output shorted at atime. Duration of the 
short circuit should not be greater than one second 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
Industrial (1) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Vcc for AmM28F010A-X5 ......... +4.75 V to +5.25 V 
Vcc for AmM28F010A—-XX0....... +4.50 V to +5.50 V 
Vpp Supply Voltages | 

Read..... Oe eee ee —-0.5Vto+12.6V _ 


Program, Erase, and Verify ..... +11.4Vto+12.6V 


Operating ranges define those limits between which the fun- 
tionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 20 ns 


+0.8 V 
-~0.5V 











20 ns 
16778B-12 
Maximum Positive Input Overshoot 
20 ns 
Voc +2.0 V 
Voc +0.5 V 
2.0V 
20 ns 20 ns 
16778B-13 
Maximum Vpp Overshoot 
20 ns 
14.0 V 
13.5 V 
Vcoc+0.5V 
20 ns 20 ns 
16778B-14 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL 
Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 
(Notes 1—4) 


DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions Typ 
ld Input Leakage Current Vcc = Vec Max, +1.0 pA 
Vin = Vecor Vss 
ILo Output Leakage Current Vcc = Vcc Max, +1.0 pA 
VouT = Vcc or Vss 
Iccs Vec Standby Current Vcc = Vcc Max 
CE = VIH 












Icc1 Vcc Active Read Current Vcc = Vcc Max, CE = VIL, OE = VIH 
louT = 0 mA, at 6 MHz 


Icc2 Vec Programming Current | CE = ViL os 10 30 mA 
Programming in Progress (Note 4) 
Icc3 Vcc Erase Current CE = Vit 
Erasure in eR (Note 4) 
a, £1.0 


Vpp Standby Current VPP = lVep=VppR_ 
Vpp Read Current | VpP = VPPH a 
Ipp2 Vpp Programming Current VPP = a 
Programming in Progress (Note 4) 
Vpp Erase Current Vpp = VPPH 
Erasure in Progress pian onanere moors 4) 


Input High Voltage 2.0 Vcc 
+0.5 


Output Low Voltage lo. = 5.8 a 0.45 
Vcc = Vcc Min 
VOH1 Output a Voltage . lOoH= —-2.5 MA 
Vcc = Vcc Min 


Ra cece = Sl OE 


AQ Auto Select Current A9 = Vip Max 5 pA 
| Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are Vec V 
Operations inhibited when Vpp = VppL +2.0 
VPPH Vpp during Read/Write 12.6 
Operations 


Low | Low Vec Lock-out Voltage | Lock-out | Low Vec Lock-out Voltage | ~-——— — = |. 


Notes: 
1. Caution: the Am28F010A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 







































. Icc1 is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4, Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions 
lu Input Leakage Current Vcc = Vcc Max, 
Vin = Vcc or Vss 
ILo Output Leakage Current Vcc = Vcc Max, 
Vout = Vecor Vss 
Iccs Vcc Standby Current Vcc = Vcc Max 
CE = Vcc +0.5 V 
Bak) [ae eneneren | Active Read Current ics Vcc Max, CE = VIL, OE = vile aos 
out = O mA, at 6 MHz 
Ral Vcc Raion Current CE = VIL 
Programming in Progress (Note 4) 
Icca Vcc Erase Current CE=Vit 
Erasure in a (Note 4) 


| pps | VPP | Vpp Standby Current | Current VPP = | Vpp=VepR oe ieee 


IPP2 Vpp Programming Current Vpp = VPPH 

Programming in Progress (Note 4) 
|pp3 Vpp Erase Current Vpp = VPPH 

Erasure in ce ceeiee! (Note 4) 


[ve | ett ape Pas || oe [Pv 


Output Low Voltage lol = 5.8 mA 
Vcc = Vcc Min | 


loH = —2.5 mA, Vcc = Vcc Min 0.85 






























Output High Voltage 
loH = —100 pA, Vcc = Vec Min 


AQ Auto Select Current AQ = Vip Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = VppL 
VPPH Vpp during Read/Write 
Operations 


Low Vcc Lock-out Voltage 


1. Caution: the Am28F010A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 







. cc is tested with OE = Vin to simulate open outputs. | 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested.. 





2-186 ~ 12.0 Volt, Bulk Erase Flash Memories 


AMD cl 


Icc Active 
inmA 





0 1 2 3 4 5 6 7 8 9 10 11 12 


Frequency in MHz 
16778B-15 


Figure 9. Am28F010A — Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 
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PIN CAPACITANCE 


Parameter 
Symbol Parameter Description Test Conditions Typ 


| on | input Capacitance 2 ee iH 












Output Capacitance 


Vpp Input Capacitance 


1. Sampled, not 100% tested. 
2. Test conditions Ta = 25°C, f = 1.0 MHz 












SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1—4) 


Parameter 
Symbols . 
JEDEC Parameter Description | Sate 
~TAVAV Read Cycle Time Min 
(Note 4) Max 
tELQV Chip Enable Min 
Access Time Max 
tAvaV tacc Address Min 
Access Time Max 
tGLav Output Enable Min 
Access Time Max 35 50 55 55 
tELQXx tLz Chip Enable to Min 
Output in Low Z (Note 4) Max 
tEHOQZ tDF Chip Disable to | Min ; 
Output in High Z (Note 3) Max 
tGLax toLz Output Enable to Min 
Output in Low Z (Note 4) Max 
tGHQz Output Disable to 
Output in High Z (Note 4) 
tAXQX Output Hold from first of Min 
Address, CE, or OE Change Max 
(Note 4) 
tWHGL Write Recovery 
Time before Read 
tvcs Vcc Set-up Time to Min 
Valid Read (Note 4) Max 
Notes: 


1. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: S$ 10 ns 
Input Pulse levels: 0.45 to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 Vand 2 V 
Outputs: 0.8 Vand 2 V 


2. The Am28F010A-95 Dies Load: 1 TTL gate and Ci = 100 pF 


Input Rise and Fall Times: S 10 ns 

Input Pulse levels: 0 Vto3 V 

Timing Measurement Reference Level: 1.5 V inputs and outputs. 
3. Guaranteed by design not tested. 
4. Not 100% tested. 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1-6) 
Parameter Am28F010A 
Gos 


tAVAV Write Cycle Time 
(Note 6) 
ee pare ee 
tOVWH Data Set-Up Time Min 45 50 50 50 
Max 
tWHDX Data Hold Time Min 
Max 
tOEH Output Enable Hold Time Min 
Max 


for Embedded Algorithm 
only (See Figure 8) 
tGHWL Read Recovery Time 
before Write 
tELWLE tCSE Chip Enable Embedded Min 
Algorithm Setup Time Max 
tWHEH tCH Chip Enable Min 
Hold Time Max 
tWLWH twP Write Pulse Width Min 45 50 
Max 7 
tWHWL tWPH Write Pulse Min 20 20 20 20 20 
. Width HIGH Max 
tWHWH3 Embedded Programming Min 14 14 14 14 14 ps 
Operation (Note 4) Max 
tWHWH4 Embedded Erase Typ 5 5 5 
. Operation (Note 5) Max 
tVPEL Vpp Set-Up Time to Min 
Chip Enable LOW (Note 6) Max 
tvcs Vcc Set-Up Time to Min 
Chip Enable LOW (Note 6) Max 
tVPPR Vpp Rise Time fe ae 
90% VPPH (Note 6) 
al Vpp Fall Time Min = T= 
90% VppL (Note 6) Max 
tLKO Vcc < VLKO 
to Reset (Note 6) 


Notes: 
1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 


2. All devices except Am28F010A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.45 Vto 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


3. Am28F010A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 


4. Embedded Program Operation of 14 us consists of 10 us program pulse and 4 pis write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 


5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 


6. Not 100% tested. 















































Am28F010A 2-189 


cl AMD 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 


Device and 
Power-up, Standby Address Selection 


INPUTS 


Must be 
Steady 


May 
Change 
from Hto L 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 





- Qutputs 
Enabled 


OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS0000 10 


Data 
Valid 


Standby, Power-down 





XX VV XX V, / XX VV XXX 
Addresses XXXX KM KX) Addresses Stable XX /\ XX I\I\/\ 
tAVAV (tRC) 
CE (E) 
—- tEHQZ 
(toF) 
OE (G) 
tWHGL - a tGHQZ 
(toF) 
WE (W) teLav (toe) 
tELav (Ice) 
tGLax (toLz) taxax (toH) 
tELQx (tLZ) 
High Z tvcs | ee High Z 
Data (DQ) ((((4 : Output Valid ) ) 
tavav (tAcc) 
5.0 V 
Vcc 
V 
16778B-16 
Figure 10. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


Embedded Embedded 


| Erase Set-Up Erase Erase Data Polling Standby Read 
Lm, LOCUOENOOUCI OOOO OOH000,00,000 Sem 


tw 


yee 





cnc | 
efi Od Bt. 


Vcc tCE 
VpP 
16778B-17 


tVPEL 


Note: 
1. DQ7 is the output of the complement of the data written to the device. 


Figure 11. AC Waveforms for Embedded Erase Operation 
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SWITCHING WAVEFORMS 





Embedded Embedded 





Program Set-Up Program Data Polling Read 
wre YEKXKITOL = ORR OOK 4 
twc i tRC 

CE 
OE 
WE 

tDF 

Data { |) | 

nim 

Vcc | 

VPP 

16778B-18 


> tVPEL 


Notes: 
1. DIN is data input to the device. 
2. DQ7 is the output of the complement of the data written to the device. 


3. Dourt is the output of the data written to the device. 


Figure 12. AC Waveforms for Embedded Programming Operation 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1-6). 
Alternate CE Controlled Writes 


Parameter 
Symbols 


JEDEC | Standard 


TAVEL aa Set-Up Time Min 
Max 
Address Hold Time 


Data Set-Up Time EL 
Data Hold Time Min 
Max 


tOEH Output Enable Hold Time Min 
for Embedded Algorithm Max 
only (See Figure 8) 
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Parameter witch 





a 
” 


Ec 
n 
a 

oO 


tELEH Write Pulse Width Min 
Max 
tEHEL tCPH Write Pulse Min 
Width HIGH Max 
tEHEH3 Embedded Programming Min 
Operation (Note 4) Max 
tEHEH4 Embedded Erase Min 
Operation (Note 5) Max 
tVPEL Vpp Set-Up Time to Min 
Chip Enable LOW (Note 6) Max 
tvcs Vcc Set-Up Time to Min 
Chip Enable LOW (Note 6) Max 
tVPPR Vep Rise Time 
90% VPPH (Note 6) 
tVPPF Vpp Fall Time 
90% Vppt (Note 6) 
Vcc < VLkKO Min 
to Reset (Note 6 Max 


Notes: 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except Am28F010A-95. Input Rise and Fall times: S 10 ns; Input Pulse Levels: 0.45 Vto 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V | 

3. Am28F010A-95. Input Rise and Fall times: S$ 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 

4. Embedded Program Operation of 14 1s consists of 10 4s program pulse and 4 ys write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 

5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 


6. Not 100% tested. 
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SWITCHING WAVEFORMS 
Embedded Embedded 


Program Set-Up Program Data Polling 
eee ANA MM ONAN OEE 
twe 
tas 


tEHEH3 OR 4 
=f MG 
” nig 
ii _ {sot } ow ) (‘Ba7 { Da7X{ Dour) 
Vcc 
VPP 


Notes: 


16778B-19 


1. Din is data input to the device. 
2. DQ7 is the output of the complement of the data written to the device. 
3. Dour is the output of the data written to the device. 


Figure 13. AC Waveforms for Embedded Programming Operation 
Using CE Controlled Writes 
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SWITCHING TEST CIRCUIT 








Device 
Under 
Test 


0+5V 


Diodes = IN3064 
or Equivalent 


16778B-20 


Ci = 100 pF including jig capacitance 





SWITCHING TEST WAVEFORMS 







2.4V 
2.0 V 2.0 V 3V 
> Test Points << 1.5“*— Test Points —*1.5 
iaea 0.8 V 0.8V OV 
: Input Output 
Input Output ‘ P 
All Devices Except Am28F010A-95 For Am28F010A-95 
AC Testing: Inputs are driven at 2.4 Vfora AC Testing: Inputs are driven at 3.0 V fora 
logic “1” and 0.45 V for alogic “0”. Input pulse logic “1” and 0 V for a logic “O”. Input pulse rise 
rise and fall times are < 10 ns. and fall times are < 10 ns. 
16778B-21 
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ERASE AND PROGRAMMING PERFORMANCE 


Max 
Parameter Typ (Note 3) Comments 
Chip Erase Time 1 10 Excludes 00H programming 
(Note 1) | (Note 2) prior to erasure 
= Re Excludes system-level overhead 















Chip Programming Time 


Write/Erase Cycles 100,000 Lo 


Byte Program Time 





Notes: 


1. 25°C, 12 V Vpep / 
2. The Embedded algorithm allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Embedded Algorithm internal counter 
which allows for a maximum 6000 pulses for both program and erase operations. Typical worst case for program and erase 
is significantly less than the actual device limit. 


4. Typical worst case = 84 1s. DQ5 = “1” only after a byte takes longer than 96 ms to program. 


LATCHUP CHARACTERISTICS 










Input Voltage with respect to Vss on all pins except I/O pins 
(Including A9 and Vpp) 


Input Voltage with respect to Vss on all pins I/O pins -1.0V Vec+1.0V 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 












DATA RETENTION | 


TestConditions | Min | Unit 
Minimum Pattern Data Retention Time 150°C 
125°C 
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DATA SHEET REVISION SUMMARY FOR 
Am28F010A 


Data sheet is Final now, and not Preliminary. 


Functional Description — Table 1 

Legend: Vpp should be less than or equal to Vcc + 2 V 
Erase, Program, and Read Mode — Write 
Operations 

Removed Command Register Table and Bit 
assignments. 

Erase, Program and Read Mode — Read Command 
The statement requiring a 6 ps wait before accessing 
the first addressed location was removed. 

Table 3 - Am28F010A Command 

Definitions 

The note describing a 6 us wait before accessing the 
first addressed location was removed. 

Figure 5 —- Embedded Erase Algorithm 

Clarified figure to illustrate the Embedded 

Erase Algorithm. 

Embedded Programming Algorithm 


Added references that addresses are also latched on 
the falling edge of CE, and data is also latched on the 
rising edge of CE, whichever happens later. 


Figure 6 — Embedded Programming 
Algorithm 


Clarified figure to illustrate the Embedded Erase 
Algorithm. 





Write Operation Status — Data Polling DQ7 


Added statement that an attempt to read the device at a 
valid address will produce valid data on DQ7. 


Figure 7a — Data Polling Algorithm 


Clarified figure to illustrate the Data Polling Algorithm. — 


Write Operation Status — Toggle Bit DQ6 

Added statement that successive reads from the device 
will result in DQ6 toggling between ‘1’ and ‘0’. 
Figure 7b — Toggle Bit Algorithm 

Clarified figure to illustrate the Toggle Bit Algorithm 
Figure 8a —- AC Waveforms for Data 


Polling During Embedded Algorithm 
Operations 


Clarified figure to illustrate the Data Polling Algorithm. 


DQ5 — Exceeded Timing Limits 

Added statement that this is a failure condition and the 
device may not be used again. 

Figure 8b — AC Waveforms for Toggle Bit During 
Embedded Algorithm Operations 

Clarified figure to illustrate the Toggle Bit Algorithm. 


Parallel Device Erasure 
Removed erroneous reference. 


Reset Command 
Added this section. 


In-System Programming Considerations 
Title was changed. 


Auto Select Command 

Added second paragraph describing the Auto select 
command. | 

DC Characteristics - TTL/NMOS Compatible 
Added Note 4 — those characteristics are not 100% 
tested. 

DC Characteristics - CMOS Compatible 

Added Note 4 — those characteristics are not 100% 
tested. 

AC Characteristics — Write/Erase/Program 
Operations (Notes 1-6) 

Embedded Programming Operation (twHwna) 

requires minimum of 14 ps 

Figure 11 — AC Waveforms for Embedded Erase 
Operation 

Data Polling section does not require a Program 
Address. DQ7 was inserted. 

Figure 12 —- AC Waveforms for Embedded 
Programming Operation 

Embedded Program section needs a Program Address. 
DQ7 was inserted. 

AC Characteristics — Write/Erase/Program 
Operations (Notes 1-6) 

Alternate CE Controlled Writes 

Embedded Programming Operation (teHeHs) requires 
minimum of 14 us. 

Figure 13 —- AC Waveforms for Embedded Pro- 
gramming Operation Using CE Controlled Writes 


Embedded Program section requires Program Address. 
DQ7 was inserted. Changed twuwus to teHens. 
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Am28F020 


2 Megabit (262,144 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 


Flash Memory 


DISTINCTIVE CHARACTERISTICS 
@ High performance 

— 90 ns maximum access time 
m@ CMOS Low power consumption 

— 30 mA maximum active current 

— 100 nA maximum standby current 

—— No data retention power — 


m@ Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 


— 32-pin DIP 

— 32-pin PLCC 

— 32-pin TSOP 
@ 10,000 write/erase cycles minimum 
M@ Write and erase voltage 12.0 V +5% 


Advanced 
Micro 
Devices 


lm Latch-up protected to 100 mA from —1 V to 
Vec +1V 
m@ Flasherase Electrical Bulk Chip-Erase 
— One second typical chip-erase 
@ Flashrite Programming 
— 10 ps typical byte-program 
— Four seconds typical chip program 


m@ Command register architecture for micropro- 
cessor/microcontroller compatible write 
interface 


m@ On-chip address and data latches 

m@ Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 

m Automatic write/erase pulse stop timer 





GENERAL DESCRIPTION 


The Am28F020 is a 2 Megabit Flash memory organized 
as 256K bytes of 8 bits each. AMD’s Flash memories of- 
fer the most cost-effective and reliable read/write non- 
volatile random access memory. The Am28F020 is 
packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in the ceramic DIP package. It 
is designed to be reprogrammed and erased in-system 
orinstandard EPROM programmers. The Am28F020 is 
erased when shipped from the factory. 


The standard Am28F020 offers access times as fastas | 


90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 


the Am28F020 has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F020 uses a command register to manage this 
functionality, while maintaining a JEDEC Flash stan- 
dard 32-pin pinout. The command register allows for 
100% TTL level control inputs and fixed power supply 
levels during erase and programming. 


AMD's Flash technology reliably stores memory con- 
tents even after 10,000 erase and program cycles. The 


AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec- 
tric fields for erase and programming operations pro- 
duces reliable cycling. The Am28F020 uses a 
12.0 V+5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 


The highest degree of latch-up protection is achieved 
with AMD’s proprietary non-epi process. Latch-up 
protection is provided for stresses up to 100 mA on ad- 
dress and data pins from —1 V to Vcc +1 V. 


The Am28F020 is byte programmable using 10 ps pro- 
gramming pulses in accordance with AMD's Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F020 is four seconds. 
The entire chip is bulk erased using 10 ms erase pulses 
according to AMD’s Flasherase alrogithm. Typical era- 
sure at room temperature is accomplished in fess than 
one second. The windowed package and the 15-20 
minutes required for EPROM erasure using ultra-violet 
light are eliminated. 
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GENERAL DESCRIPTION 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F020 is designed to support either WE or CE con- 
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 


AMD i" 


CE whichever occurs first. To simplify the following 
discussion, the WE pin is used as the write cycle control 
pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 


AMD's Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F020 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are 
programmed one byte at a time using the EPROM pro- 
gramming mechanism of hot electron injection. 
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PRODUCT SELECTOR GUIDE 
Ordering Part No: 
Vcc 5% 
Vcc +10% 


Max Access Time (ns) 
CE (E) Access (ns) 
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Se 





OE (G) Access (ns) 


2,097,152 


X-Decoder Bit 


Cell Matrix 
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CONNECTION DIAGRAMS 


DIP 


DQO 
DQ1 
DQ2 

Vss 





14727D-3 





14727D-2 


Note: Pin 1 is marked for orientation. 
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TSOP PACKAGES 


OE 
A10 
CE 
D7 
D6 
D5 
D4 
D3 
Vss 
D2 
D1 
Do 
AO 
Al 
A2 
A3 


O 


1 
2 
3 
4 
5 
6 
7 
8 
9 





28F020 Standard Pinout 


qJ 


WOON OOAhON = 
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28F020 Reverse Pinout 


28F020 256K x 8 Flash Memory in 32-Lead TSOP 


LOGIC SYMBOL 






A0-A17 





DQ0-DQ7 


14727D-5 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


2-202 


AM28F020 -9 


Am28F020 


DEVICE NUMBER/DESCRIPTION 


OPTIONAL PROCESSING 
Blank = Standard Processing 
= Burn-ln 
TEMPERATURE RANGE 
C = Commercial (0°C to +70°C) 
| = Industrial (-40°C to + 85°C) 
E = Extended (-55°C to + 125°C) 
PACKAGE TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 
D = 32-Pin Ceramic DIP (CD 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 032) 
SPEED 


See Product Selector Guide and 
Valid Combinations 


2 Megabit (256K x 8-Bit) CMOS Flash Memory 


Valid Combinations 


AM28F020-90 


i . ~ ‘“ ~ 








AM28F020-95 















AM28F020-120 | PC, Pl, PE, PEB, 

AM28F020-150 | JC, JI, JE, JEB, 

AM28F020-200 | DC, DI, DE, DEB, 
EC, FC, El, Fl, 


EE, FE, EEB, FEB 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


Am28F020 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 


Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 


AM28F020 -120 /B X A 


[oe LEAD FINISH 


A = Hot Solder Dip 


PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 


DEVICE CLASS 
/B = Class B 





SPEED OPTION . 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am28F020 
2 Megabit (256K x 8-Bit) CMOS Flash Memory 





: ee Valid Combinations 
Valid Combinations eee ; 
Valid Combinations list configurations planned to 
AM28F 020-120 be supported in volume for this device. Consult 
AM28F020-150 the local AMD sales office to confirm availability of 
AM28F020-200 specific valid combinations and to check on newly 


released combinations. 
AM28F020-250 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


AQ—A17 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


CE (E) 

The Chip Enable active low input activates the chip’s 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 


DQ0—-DQ7 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G) 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc | 
Power supply for device operation. (5.0 V+ 5% or 10%) 


Vpp : 

Power supply for erase and programming. Vep must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vss 
Ground 


WE (W) | 
The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F020 uses 100% TTL-leve! control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0 V + 5% power supply. 


Read Only Memory 


Without high Vep voltage, the Am28F020 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
Standby, output disable, and Auto select modes are 
available via the register. 


The Am28F020's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F020 is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Flasherase Sequence 


A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re- 
peated one cycle verify commands). 


Note: The Flash memory array must be completely pro- 
grammed to O's prior to erasure. Refer to the Flashrite 
Programming. 
1. Erase Set-Up: Write the Set-up Erase command 
to the command register. 
_2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 
The second command initiates the erase 


amp &1 


operation. The system software routines must now 
time-out the erase pulse width (10 ms) prior to is- 
suing the Erase-verify command. An integrated 
stop timer prevents any possibility of overerasure. 


3. Erase-Verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, 
each byte of the array must be verified. Address 
information must be supplied with the Erase-verify 
command. This command verifies the margin and 
outputs the addressed byte in order to compare 
the array data with FFH data (Byte erased). After 
successful data verification the Erase-verify com- 
mand is written again with new address informa- 
tion. Each byte of the array is sequentially verified 
in this manner. 


If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 
1000 times. 


Flashrite Programming Sequence 


A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Program Set-Up: Write the Set-up Program com- 
mand to the command register. 


2. Program: Write the Program command to the 
command register with the appropriate Address 
and Data. The system software routines must now 
time-out the program pulse width (10 ps) prior to 
issuing the Program-verify command. An inte- 
grated stop timer prevents any possibility of over- 
programming. 

3. Program-Verify: Write the Program-verify com- 
mand to the command register. This command 
terminates the programming operation. In addition, 
this command verifies the margin and outputs the 
byte just programmed in order to compare the ar- 
ray data with the original data programmed. After 
successful data verification, the programming se- 
quence is initiated again for the next byte address 
to be programmed. 

lf data is not verified successfully, the Program se- 

quence is repeated until a successful comparison is 

verified or the sequence is repeated 25 times. 
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Data Protection 


The Am28F020 is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F020 powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. 


The device also incorporates several features to 
prevent inadvertent write cycles resulting fromVcc 
power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command 
register is disabled and all internal progranverase cir- 
cuits are disabled. The device will reset to the read 


mode. Subsequent writes will be ignored until the Vcc 
level is greater than Viko. It is the users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 


WE will not initiate a write cycle. 


Logical Inhibit 


Writing is i is inhibited by holding any one of OE = ViL, CE= = 
Vin or WE = Vin. To initiate awrite cycle CE and WE 
must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi andOE=Vun 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 





FUNCTIONAL DESCRIPTION 
Description of User Modes 


Table 1. Am28F020 User Bus Operations 





Read-Only 





Legend: 


Oo ti Vpp 
| poeven CE(E) | CEG) = (Note 1) 


a 
eg eer ee 


Auto-select Manufacturer VIL VIL VIH VPPL VIL VID CODE 
Code (Note 2) (Note 3)| (01H) 
Auto-select Device Code VPPL VID CODE 
(Note 2) (Note 3)} (2AH) 
Read VPPH AO DouT 
(Note 4) 
Read/Write 


[Sia Wee 
a 


Write VPPH AO DIN 
(Note 6) 





“Tee ee oe 








X = Don't care, where Don't Care is either Vit or Vin levels, VepL = Vpp < Vcc + 2 V, See DC Characteristics for voltage 
levels of VpPH, OV < An < Voc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 


Notes: 


1. VppL may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VppPH is the programming voltage specitied 
- for the device. Refer to the DC characteristics. When Vpp = VppL, memory contents can be read but not written or erased. 


11.5<Vin<13.0V 


Refer to Table 3 for valid Din during a write operation. 


N O29 OM KR WN 


addresses except A9 and AO must be held at Vi. 
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Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 


Read operation with Vpp = VpPH may access array data or the Auto select codes. 


With Vpp at high voltage, the standby current is Icc + Ipp (standby). 


All inputs are Don’t Care unless otherwise stated, where Don't Care is either Vit or Vin levels. In the Auto select mode all 


Am28F020 


READ ONLY MODE 

Veep < Veco +2V 

Command Register Inactive 
Read 


The Am28F020 functions as a read only memory when 
Vee < Vcc + 2 V. The Am28F020 has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 


stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tacc—toe). 


Standby Mode 


The Am28F020 has two standby modes. The CMOS 
standby mode (CE input held at Vec + 0.5 V), consumes 
less than 100 LA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


lf the device is deselected during erasure, program- 
ming, or progranverase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 
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Auto Select 


Flash memories can be programmed in-system or ina 

standard PROM programmer. The device may be sol- 

dered to the circuit board upon receipt of shipment and 

programmed in-system. Alternatively, the device may 

initially be programmed ina PROM Pregammer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All other 
address lines must be held at Vi, and Vee must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = Vit) represents the manufacturer 
code and byte 1 (A0 = Vin) the device identifier code. For 
the Am28F020 these two bytes are given inthe table be- 
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F020 Auto Select Code 





|ManufacturerCode Code 


12.0 Volt, Bulk Erase Flash Memories 


Code 
Type ca = 


eee eee 
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ERASE, PROGRAM, AND READ MODE 


Vep=12.0V + 5% 
Command Register Active 
Write Operations 


High voltage must be applied to the Vep pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vi, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If 
any pin is not in the correct state a write command will 
not be executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Ver pin. The device operates as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command register. Table 3 de- 
fines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The de- 
vice will remain in the read mode until the command 
register contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Am28F020 Command Definitions 








x< iM 


Notes: 
1. Bus operations are defined in Table 1. 
2. RA = Address of the memory location to be read. 


=e 
Command (Note 1 1) (Note 2) (Note 3) aro i: [7 ao 2) ao 3) 
[Read Memory (Note6) | Write | X____| OOWFFH | Read 

[Read Auto select _——=«dt Write —=«|«X~—=—=édé«SOH or 90H | Read _—=«|OOHOIH _|_OTHI2AH | 


Erase Set-up/Erase Write X 20H Write X ats 
(Note 4) 

Erase-Verify (Note 4) 
Program Set-up/ Write 40H Write PA 

Program (Note 5) 

Prosiemiventy Note) 


EA = Address of the memory location to be read during erase-verify. 


PA = Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 


X = Don't care. 


3. AD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verity. 


PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD = Data read from location PA during program-verify. PA is latched on the Program command. 


4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 


n 


Figure 3 illustrates the Flashrite Programming Algorithm. 
- 6. Please reference Reset Command section. 





2-208 


Am28F020 


FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Flasherase and Flashrite 
Algorithms 


Flasherase Erase Sequence 
Erase Set-Up/Erase Commands 
Erase Set-Up 


Erase Set-up is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg- 
ister in order to perform the Erase Set-up operation. 


Erase 


The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera- 
tion must be terminated by writing a new command 
_ (Erase-verify) to the register. 


This two step sequence of the Set-up and Erase com- 
mands helps to ensure that memory contents are not ac- 
cidentally erased. Also, chip erasure can only occur 


when high voltage is applied to the Vpp pin and allcontrol . 


pins are intheir proper state. In absence of this high volt- 
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim- 
ing parameters. 


Note: The Flash memory device must be fully pro- 
grammed to OOH data prior to erasure. This equalizes 
the charge on all memory cells ensuring reliable 
erasure. 
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Erase-Verify Command 


The erase operation erases all bytes of the array in 
parallel. After the erase operation, all bytes must be 
sequentially verified. The Erase-verify operation is initi- 
ated by writing AOH to the register. The byte address to 
be verified must be supplied with the command. Ad- 
dresses are latched on the falling edge of the WE pulse 
or CE pulse, whichever happens later. The rising edge 
of the WE pulse terminates the erase operation. 


Margin Verify 

During the Erase-verify operation, the Am28F020 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 


Verify Next Address 


You must write the Erase-verify command with the ap- 
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall- 
ing edge of WE or CE, whichever happens later. The 
process continues for each byte inthe memory array un- 
tila byte does not return FFH data or all the bytes inthe 
array are accessed and verified. 


if an address is not verified to FFH data, the entire chip is 
erased again (refer to Erase Set-up/Erase). Erase verifi- 
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 4, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era- 
sure. Referto AC Erase Characteristics and Waveforms 
for specific timing parameters. 
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YES 


NO 


Program All Bytes to OOH 
Apply Vern 


Address = 00H 
PLSCNT =0 







Write Erase Set-up Command 


Write Erase Command 


Time out 10ms 


Write Erase Verify Command 


Time out 6uS 


Read Data from Device 


NO 
1000 PLSCNT 
YES 


Apply Vppc N 
Last Address Increment Address 
YES 


Write Reset Command 


y 


YES 


0 


\ 


Apply Veet 


Erasure Completed 
14727D-6 


Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 


‘This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen- 
eral, reprogramming time increases as the number of 
erase/program cycles increases. 


The Flasherase electrical erase algorithm employs an 


interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. The Am28F020 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash- 
rite programming algorithm with the appropriate data 
pattern. 


Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol- 
low the Flasherase algorithm. Uniform and reliable era- 
sure is ensured by first programming all bits in the 


device to their charged state (Data = OOH). This is 
accomplished using the Flashrite Programming algo- 
rithm. Erasure then continues with an initial erase op- 
eration. Erase verification (Data = FFH) begins at 
address 0000H and continues through the array to the 
last address, or until data other than FFH is encoun- 
tered. If a byte fails to verify, the device is erased again. 
With each erase operation, an increasing number of 
bytes verify to the erased state. Typically, devices are 
erased in less than 100 pulses (one second). Erase effi- 
ciency may be improved by storing the address of the 
last byte that fails to verify in a register. Following the 
next erase operation, verification may start at the stored 
address location. A total of 1000 erase pulses are al- 
lowed per reprogram cycle, which corresponds to ap- 
proximately 10 seconds of cumulative erase time. The 
entire sequence of erase and byte verification is per- 
formed with high voltage applied to the Ver pin. Figure 1 
illustrates the electrical erase algorithm. | 


Table 4. Flasherase Electrical Erase Algorithm 



















_ 


Standby 







Standby 


Notes: 





Bus Operations 


Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 3) for 
programming. : 


Standby Wait for Vpp ramp to VpPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 


Standby fe ees ee Duration of Erase Operation (twHWH2) 


Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 


| | Wiite Recovery Time before Read=6us 

| CCi*d Read byte tovverify erasure 

i A 5 
Increment pulse count 

[Reset | Data = FFH, reset the register for read operations. 

|| Waitfor Ver rampto Vee (Notet) 



















1. See DC Characteristics for value of VppH or VppL. The VpP power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 


2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 


written with the read command. 


3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Section 





D E F G 










: | A .B C 

Bus Cycle Write Write Time 
-out 

Command 20H 20H N/A AOQH N/A Compare N/A 
Data . 

Function Erase Erase Erase | Erase- | Transition Erase 
Set-up (10ms)} Verify (Gus) Verification 
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G 
_ Stand by 


F 


E 
Time Read 
-out 








D 






Proceed. 
per Erase 
Algorithm 






Figure 2. A.C. Waveforms For Erase Operations 


Analysis of Erase Timing Waveform 


Note: This analysis does not include the requirement to 
program the entire array to OOH data prior to erasure. 
Refer to the Flashrite Programming. 

Erase Set-Up/Erase 


This analysis illustrates the use of two-cycle erase com- 
mands (section A and B). The first erase command 
(20H) is aset-up command and does not affect the array 
data (section A). The second erase command (20H) in- 
itiates the erase operation (Section B) onthe rising edge 
of this WE pulse. All bytes of the memory array are 
erased in parallel. No address information is required. 


The erase pulse occurs in section C. 


Time-Out 
A software timing routine (10 ms duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated stop timer prevents any possibility 
of overerasure by limiting each time-out period of 10 ms. 


Erase-Verify 


Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com- 
mand (AOH). This command terminates the erase op- 
eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 


After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 


Another software timing routine (6 us duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 


During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re- 
peating sections D thru F until the entire array is verified 
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or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 


Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 
100 erase pulses are required. 


Note: All address locations must be programmed to 
OOH prior to erase. This equalizes the charge on all 
memory cells and ensures reliable erasure. 


Flashrite Programming Sequence 
Program Set-Up/Program Command 
Program Set-Up 


The Am28F020 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Program 
Set-up is the first of a two-cycle program command. It 
stages the device for byte programming. The Program 
Set-up operation is performed by writing 40H to the 
command register. 


Program 


Only after the program set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro- 
gramming must be available on the second WE pulse. 
Addresses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi- 
nate the programming operation. This two step se- 
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ- 
ten. Also, programming can only occur when high volt- 
age is applied to the Vpep pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents cannot be programmed. 


Refer to AC Characteristics and Waveforms for specific 
timing parameters. 
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Program Verify Command 


Following each programming operation, the byte just 
programmed must be verified. 


Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro- 
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ- 
ously latched. No new information is required. 


Margin Verify 

During the Program-verify operation, the Am28F020 ap- 
plies an internally generated margin voltage to the ad- 
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original 
programmed data should be stored for comparison. 
Programming then proceeds to the next desired byte lo- 
cation. Should the byte fail to verify, reprogram (refer to 
Program Set-up/Program). Figure 3 and Table 5 indi- 
cate how instructions are combined with the bus opera- 
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe- 
cific timing parameters. 


Flashrite Programming Algorithm 


The Am28F020 Fiashrite Programming algorithm em- 
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite Programming algorithm uses 
10 ms programming pulses. Each operation is followed 
by a byte verification to determine when the addressed 
byte has been successfully programmed. The program 
algorithm allows for up to 25 programming operations 
per byte per reprogramming cycle. Most bytes verify af- 
terthe first or second pulse. The entire sequence of pro- 
gramming and byte verification is performed with high 
voltage applied to the Vep pin. Figure 3 and Table 5 illus- 
trate the programming algorithm. 
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' 


Apply Veex 


| 


Time out 6 pS 


Read Data from Device 












NO 
eat 
YES YES 
YES 


Write Reset Command : 


Apply Veet | Apply Ver. 
Programming Completed Device Failed] - 
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Figure 3. Flashrite Programming Algorithm 





Table 5. Flashrite Programming Algorithm 


Standby Wait for Vpp ramp to VpPH (Note 1) 
Initialize pulse counter 


Program Set-Up Data = 40H 








[Standby | | uration of Programming Operation (twuwin) 





Read byte to verify programming 


Standby fo se. ad Compare data output to data expected 
Write = sd Reset Data = FFH, resets the register for read operations. 











Standby 


Notes: 


Wait for Vpp ramp to VppL (Note 1) 





1. See DC Characteristics for value of VppH. The Vep power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VppL may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. 


2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the’ 
register.is written with the read command. | 
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D E F G 








A B 







Bus Cycle 














Function Program Program 
Set-up Command 
Latch Address 
& Data 


Analysis of Program Timing Waveforms 
Program Set-Up/Program 


Two-cycle write commands are required for program 
operations (section A and B). The first program com- 
~ mand (40H) is a set-up command and does not affect 
the array data (Section A). The second program com- 
mand latches address and data required for program- 
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also initiates the programming pulse. The device is pro- 
grammed on a byte by byte basis either sequentially or 
randomly. 


The program pulse occurs in section C. 


Time-Out 


A software timing routine (10 ts duration) must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated stop timer prevents any possibility 
of overprogramming by limiting each time-out period of 
70 ps. 


C D FE F 
-out -out 


Command 40H _ Program N/A COH N/A Compare "N/A 
Address, (Stops Data 
Program Data Program) 


Program | Program |Transition| Program 
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G 
Stand by 













Proceed per 
Verification] Programming 
Algorithm 







Figure 4. A.C. Waveforms for Programming Operations 


Program-Verify 


Upon completion of the program timing routine, the mi- 
croprocessor must write the program-verify command 
(COH). This command terminates the programming op- 
eration on the rising edge of the WE pulse (section D). 


_ The program-verify command also stages the device for 


data verification (section F). Another software timing 
routine (6 us duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 


During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de- 
sired address is programmed. Should a byte fail to 


verify, reprogram the byte (repeat section A thru F). 


Each data change sequence allows the device to use up 
to 25 program pulses per byte. Typically, bytes are veri- 
fied within one or two pulses. ~ 
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Algorithm Timing Delays 


There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 


1. The first delay is associated with the Ver rise-time 
when Vpr first turns on. The capacitors on the Vee 
bus cause an RC ramp. After switching on the Vep, 
the delay required is proportional to the number of 
devices being erased and the 0.1:F/device. Vpp 
must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse 
width (10 ms). A software timing routine should be 
run by the local microprocessor to time out the de- 
lay. The erase operation must be terminated at the 
conclusion of the timing routine or prior to execut- 
ing any system interrupts that may occur during 
the erase operation. To ensure proper device op- 
eration, write the Erase-verify operation after each 
pulse. 


3. Athird delay time is required for each program- 
ming pulse width (10 ps). The programming algo- 
rithm is interactive and verifies each byte after a 
program pulse. The program operation must be 
terminated at the conclusion of the timing routine 
or prior to executing any system interrupts that 
may occur during the programming operation. 


4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write 
recovery time (6 ps). During this time internal cir- 
Cuitry is changing voltage levels from the erase/ 
program level to those used for margin verify and. 
read operations. An attempt to read the device dur- 
ing this period will result in possible false data (it 
may appear the device is not properly erased or 
programmed). 


Note: Software timing routines should be written in ma- 
chine language for each of the delays. Code written in 
machine language requires knowledge of the appropri- 
ate microprocessor clock speed in order to accurately 
time each delay. 

Parallel! Device Erasure 


Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple- 
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified separately. When a device is com- 
pletely erased and verified use a masking code to pre- 
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (00H). 


Power-Up Sequence 


The Am28F020 powers-up in the Read only mode. 
Power supply sequencing is not required. 


Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 


The Reset command must be written two consecutive 
times after the set-up Program command (40H). This 
will reset the device to the Read mode. 


Following any other Flash command write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. — 


The set-up Program command (40H) is the only com- 
mand that requires a two sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered null data during program- 
ming operations (memory cells are only programmed 
from a logical “1” to “0”). The second Reset command 
safely aborts the programming operation and resets the 
device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 
prove easier to always issue the Reset command two 
consecutive times. This eliminates the need to deter- 
mine if you are in the set-up Program state or not. 


Programming In-System 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment. and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


Auto Select Command 


AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Ac- 
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising AQ to a high voltage. However, multi- 
plexing high voltage onto address lines is not agenerally 
desired system design practice. 


The Am28F020 contains an Auto Select operation to 
supplement traditional PROM programming methodol- 
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01H. A read cycle from address 0001H returns the de- 
vice code 2AH (see Table 2). To terminate the opera- 
tion, it is necessary to write another valid command, 
such as Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 


Ceramic Packages ............. ~65°C to +150°C 
Plastic Packages ............... —65°C to +125°C 
Ambient Temperature 

with Power Applied ............ —55°C to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp 


KINOLGUT) act oGats taaies i otaare ees -2.0Vto+7.0V 
Vec (Note 1) 2.0.2... eee eee, -2.0V to +7.0V 
~AQ(Note 2) ............008: . -2.0V to +14.0 V 
Vep(NOle 2) toca wiht ouewees -2.0Vto+14.0V 
Output Short Circuit Current (Note 3) ...... 200 mA 
Notes: | | 


1. Minimum DC voltage on input or I/O pins is -0.5 V. During 
voltage transitions, inputs may overshoot Vss to—2.0 V for 


periods of up to 20 ns. Maximum DC voltage on output and 


I/O pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20 ns. 


2. Minimum DC input voltage on Ag and Vpp pins is —0.5 V. 
During voltage transitions, A9 and Vpp may overshoot Vss 
to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on AQ and Vpp is +13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. No more than one output shorted at atime. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 
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OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
Industrial (I) Devices 
Case Temperature (Tc) .......... -—40°C to +85°C 
Extended (E) Devices 
Case Temperature (Tc) ......... — —55°C to +125°C 
Military (M) Devices 

' Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 
Vecfor Am28F020-X5 ......... +4.75 V to +5.25 V 
Voc for AmM28F020-XX0 ........ +4.50 V to +5.50 V 
Vpp Supply Voltages 
MEAG ain Wanetaeere ae eer aoe we —-0.5Vto+12.6V 
Program, Erase, and Verify ..... +11.4Vto+12.6V 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 20 ns 
+0.8 V 
-0.5V 
-2.0V 
20 ns 
14727D-10 
Maximum Positive Input Overshoot 
20 ns 







Voc + 2.0 V 
Vec+0.5 V XK KK | | 
soy LVVVVWN 
20 ns 20ns — 
14727D-11 
Maximum Vpp Overshoot 
20 ns 
14.0 V 
13.5 V 
Vec+0.5V 
20 ns 20 ns 
14727D-12 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod- 
ucts, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 
(Notes 1-4) 


DC CHARACTERISTICS—TTL/NMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions 
ia Input Leakage Current Vcc = Vcc Max, 
Vin = Vec or Vss 
ILo Output Leakage Current Vcc = Vcc Max, 
Vout = Vcc or Vss 
Iccs Vcc Standby Current Vcc = Vcc Max 
CE = VIH 
Icc1 Vcc Active Read Current Vcc = Voc Max,CE = VIL, OE = VIH 
nu 0 mA, at 6 MHz 


Iccs3 Vcc Erase Current CE = VIL 
Erasure in Progress (Note 4) 


Vpp Read Current Vpp = VPPH a 
Vpp = VPPL ae eee 
Ipp2 Vpp Programming Current Vpp = VPPH 30 
Programming in Progress (Note 4) 
Vpp Erase Current Vpp = VPPH 30 
Erasure in ey (Note 4) 


ae iatton vege psf fos | 


Input High Voltage 2.0 Vcc 
+ 0.5 
VOL Output Low Voltage lo. = 5.8 mA V 
Vec = Vcc Min 
VOH1 Output High Voltage lIOH = -2.5 mA 2.4 V 
Vcc = Vcc Min 


a IES A 


AQ Auto Select Current AQ = Vip Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = VpPL + o G 
~VPPH Vep during Read/Write 12.6 
Operations 


Low Vcc Lock-out Voltage 


Notes: 











































1. Caution: the Am28F020 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 
2. Icc1 is tested with OE = Vin to simulate open outputs. 


3. Maximum active power usage is ue sum of Icc and Ipp. 
4. Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions 
IL Input Leakage Current Vcc = Vcc Max, 
Vin = Vcc or Vss 
IL Output Leakage Current Vcc = Vcc Max, 
Vout = Vcc or Vss 









yp | max, 
OE as 
ies 


Iccs Vcc Standby Current Vec = Vcc Max 
CE = Vcc + 0.5 V 

Ices Vcc Active Read Current Vcc = Vcc Max,CE = Vit, OE = ViH 10 
lout = 0 mA, at 6 MHz 


Icc3 Vcc Erase Current CE = VIL 30 
7 | Erasure in Progress (Note 4) 


es | verSiandby ures’ | Vreven SSS*dP STS tO 


Ipp2 Vpp Programming Current Vpp = VPPH 10 30 
Programming in Progress (Note 4) 
Vpp Erase Current VpP = VPPH - | 10 30 mA 
Erasure in Progress (Note 4) 


Input Low Voltage 








Icc2 Vcc Programming Current CE = VIL 10 
Programming in Progress (Note 4) 


V 
Vo Output Low Voltage lo. = 5.8 mA 
Vcc = Vcc Min 
| IOH = —2.5 mA, Vcc = Vcc Min 
Output High Voltage Ve 
_ [Ton= 100 pA, Veo = Veo Min 
| ~0.4 


=| 





| 
O 
ed 
IH Input High Voltage 0.7 Vcc Vcc V 
+ 0.5 
L 
ID 


A9 Auto Select Current AQ = Vip Max 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/ Program are 
Operations inhibited when Vpp = VpPL 
VPPH Vpp during Read/Write 11 
Operations 


Notes: | 
1. Caution: the Am28F020 must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 
. lec1is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4. Not 100% tested. 
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Icc Active 
in mA 





0 1 2 3 4 5 6 7 8 9 10 11 12 
Frequency in MHz 14727D-13 


Figure 5. Am28F020-—Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 
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PIN CAPACITANCE : 


Parameter 
Symbol Parameter Description 


CIN Input Capacitance 
Output Capacitance 
Vpp Input Capacitance 


1. Sampled, not 100% tested. 
2. Test conditions TA = 28°C, f= 1.0 MHz 








SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1-4) 


Parameter 
Symbols 
JEDEC | Standard Parameter Description Ps 
tAVAV t Read Cycle Time Min 
(Note 4) Max 
tELQV t Chip Enable Min 
7 Access Time | Max | 
tavav tacc Address Min 
Access Time Max 120 150 200 
: fos 





Am28F020 













Ell ll 
tELQX Chip Enable to Min 
Output in Low Z (Note 4) Max 
tEHQZ Chip Disable to Min 
Output in High Z (Note 3) Max 30 35 35 35 


tGHQz tDF ‘| Output Disable to Min 4 
Output in High Z (Note 4) Max 20 30 35 35 35 

tAxax tOH Output Hold from first of Min 
Address, CE, or OE Change Max 
(Note 4) 

tWHGL Write Recovery Min ps 
Time before Read Max 

tvcs Vcc Set-up Time to Min 50 50 50 us 
Valid Read (Note 4) Max 


Notes: 


1. Output Load: 1 TTL gate and Ci = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0.45 to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2 V 
Outputs: 0.8 V and 2 V 


2. The Am28F020-95 Output Load: 1 TTL gate and Ci = 100 pF 

Input Rise and Fall Times: < 10 ns 

Input Pulse levels: 0 to 3 V | 

Timing Measurement Reference Level: 1.5 V inputs and outputs. 
3. Guaranteed by design not tested. 


4. Not 100% tested. 


RC 
CE 
OE 
tLz 
{DF 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1— 6) 
Am28F020 


Symbols -120 | -150 
JEDEC | Standard Parameter Description — —_ 
tAVAV twc Write Cycle Time Min 120 150 200 250 
(Note 6) Max 
tAVWL tas Address Set-Up Time Min 
Max 
tWLAX tAH Address Hold Time Min 45 50 75 75 
Max 
tOVWH tos Data Set-Up Time Min 45 50 50 50 
Max 
tWHDX {DH Data Hold Time | Min 10 10 10 10 10 
Max 
tWHGL Write Recovery Time Min 
before, Read Max 
tGHWL . Read Recovery Time Min 
before Write Max 
tELWL Chip Enable Min 
Set-Up Time Max 
tWHEH tCH ~| Chip Enable Min 
Hold Time Max 
tWLWH twP Write Pulse Width ; Min 45 50 ns 
Max 
tWHWL tWPH Write Pulse Min 20 20 20 20 20 . 
Width HIGH Max 
tWHWH1 Duration of Programming Min 10 10 10 10 10 us 
Operation (Note 4) Max 
tWHWH2 Duration of Min 9.5 9.5 9.5 9.5 ms — 
Erase Operation(Note 4) Max 
tVPEL Vpp Set-Up Time to Min 
Chip Enable LOW (Note 6) Max 
tvcs Vcc Set-Up Time to Min 
Chip Enable LOW (Note 6) Max 7 
tVPPR Vpp Rise Time Min 500 500 500 500 500 
90% VPPH (Note 6) Max 
tVPPF Vpp Fall Time . 500 500 500 500 500 
10% VppL (Note &) 
tLKO Vcc < VLKO Min 
to Reset (Note 6) Max 


Notes: . 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 

2. All devices except Am28F020-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 Vand 2.0 V 


3. Am28F020-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 


4. Maximum pulse widths not required because the on-chip program/erase stop timer will terminate the pulse widths 
internally on the device. 


5. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 


6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 











WAVEFORM INPUTS OUTPUTS 
Must Be Will Be 
Steady Steady 
May Will Be 
Change Changing 
from HtoL from H to L 
May Will Be 
Change Changing 
from Lto H from L to H 
Don't Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High- 
Impedance 
“Off” State 
KS000010 
SWITCHING WAVEFORMS 
Device and Outputs Data 
Power-Up, Standby Address Selection Enabled Valid Standby, Power-Down 
ei re eeee a= / XXXKXKX 
Addresses Addresses Stable 
AVAVAVAVAVAVA' [VIII MINN 
tavav (tRC) 
CE (E) 
— tEHQZ 
(tDF) 
OE (G) 
tWHGL oO teHaz 
(toF) 
WE (W) tGLav (toe) 
tELQvV (tCE) 
tGLax (toLz) taxQx (tOH) 
tELQx (tLz) 
High Z tVCS ee High Z 
Data (DQ) ‘ \ Output Valid } ) 
tavav (tAcc) 
5.0 V 
Vcc ° 
OV 
14727D-14 
Figure 6. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 
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Power-Up & Set-Up Erase Erase-Verify Erase Standby/ 
Standby Command Erase Command qe iasule . Command Verification | Power-Down 
eases (KXXKKKXKKRKKKXKKMK KKK KKXXKOKKN) 
5 (AK AAIMAAAAAAWMA 
tavav(twc) —— tavav(trc) 
tavnviliaa) aes 
CE (E) 
1 tenoztor) 
twHeH(tcn) 
E (G) _ twHwH2 
tWHGL 
taxoz(tor) 
WE (W) tatav( toe) 
twiws(twe) twHwt(twex) tarox(toz) 
towwu(tos) taxax(ton) 
Sct | 
HIGH Z VALID 
terox (tz) 
tvcs teLav (tce) 
5.0 V 
Vec 
OV 
Vppx 
Vep 
Veet 





14727D-15 


Figure 7. AC Waveforms for Erase Operations 
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SWITCHING WAVEFORMS 





Program Command 















Power-Up & Set-Up Program eri Programmin Standby/ 
Standby Goniniand al poe : piibg doula Command | Veotication® Power-Down 
XXX XKXK KK x e XXKKX XX 
Addresses 
ae Saree 
—_ tweax( tax) 
zoe tavwi(tas) ss SS 
CE (E) 
tcHoz(tor) 
SS 
OG) | ee 
tWHGL 
teHoz(tor) 
WE (W) terov(toe) 
twuwn(twe) tcLox to.z) 
tovwwu(tos) ipl i taxox(tox) | 
H— VALID —h 
Data (DQ) \ H foxzs | ( ‘OUT V 
tecox (tiz) ! 
tvcs tecov (tce) 
5.0 V 
Vec tvpet 
OV 
tenve 
VppxH 
Vpp 


Vppc 


14727D-16 


Figure 8. AC Waveforms for Programming Operations 





2-226 Am28F020 


AMD \ 





SWITCHING TEST CIRCUIT 







Device 
Under 
Test 


0 +5V 


Diodes = IN3064 
or Equivalent 


14727D-17 


CL = 100 pF including jig capacitance 





SWITCHING TEST WAVEFORMS 


2.4V 


» Test Points 


0.8V 
0.45 V 


Input Output 


All Devices Except Am28F020-95 


AC Testing: Inputs are driven at 2.4 V for a 
logic “1” and 0.45 V for alogic'"0”. Input pulse 
rise and fall times are < 10 ns. 





3V 







1.5 TestPoints - 1.54 


OV 


Input Output 


For Am28F020-95 


AC Testing: Inputs are driven at 3.0 V for a 
logic “1” and 0 V for a logic “0”. Input pulse rise 
and fall times are < 10ns. 


14727D-18 
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ERASE AND PROGRAMMING PERFORMANCE 


Max 
Parameter Typ (Note 3) Comments 
1 


Chip Erase Time — 40 Excludes 00H programming © 
(Note 1) | (Note 2) prior to erasure 
Chip Programming Time Dall 4 25 4 Excludes system-level overhead 

















(Note 1) 


[WriterErase cycles ———=«dt wooo] Sid] SC*dtC ete | CSC~C“—~S~—~SCS~S~S~S 


Notes: 
1. 25°C, 12 V Vpp 
2. The Flasherase/Flashrite algorithms allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Flasherase/Flashrite pulse count 
(Flasherase = 1000 max and Flashrite = 25 max). Typical worst case for program and erase operations is significantly 
less than the actual device limit. | 





-LATCHUP CHARACTERISTICS 






Input Voltage with respect to Vss on all pins except I/O pins (Including AQ and Vpp) 13.5V 


Input Voltage with respect to Vss on all pins V/O pins Vec + 1.0 V 


“100 mA 
Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. ae ar 
DATA RETENTION 


Test Conditions | min | unit_| 
Minimum Pattern Data Retention Time 150°C | 40] Years | 


125°C 
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DATA SHEET REVISION SUMMARY FOR 
Am28F020 

Data sheet is Final now, and not Preliminary. 

Erase, Program and Read Mode - Write 
Operations 

Removed Command Register Table and Bit 
assignments. 

Erase, Program and Read Mode — Read Command 
The statement requiring a 6 ps wait before accessing 
the first addressed location was removed. 

Table 3 — Am28F020 Command Definitions 

The note describing a 6 us wait before accessing the 
first addressed location was removed. 

Flasherase Erase Sequence - Erase Verify 
Command 


The address latched also depends on the falling edge of 
CE, whichever happens later. 


Flasherase Erase Sequence - Verify Next Address 
The new address latched also depends on the falling 
edge of CE. whichever happens later. 

Auto Select Command 

Programming In-System 

Titles for each section were switched. 


Programming In-System 


It is necessary to write a valid command, such as Reset, 
into the register. 


DC Characteristics — TTL/NMOS 

Compatible | 

Added Note 4. Those characteristics are not 100% 
tested. 

DC Characteristics - CMOS Compatible 


Added Note 4. Those characteristics are not 100% 
tested. 
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2 Megabit (262,144 x 8-Bit) CMOS 12.0 Volt, Bulk Erase | 
Flash Memory with Embedded Algorithms 





at 


Advanced 
Micro 
_. Devices 





DISTINCTIVE CHARACTERISTICS 
| High performance 

-—— 90 ns maximum access time 
Ei CMOS Low power consumption 

— 30 mA maximum active current 

— 100 pA maximum standby current 

— No data retention power consumption 


Compatible with JEDEC-standard byte-wide 
32-Pin EPROM pinouts 


— 32-pin DIP 

— 32-pin PLCC 

— 32-pin TSOP 
100,000 write/erase cycles minimum 
3 Write and erase voltage 12.0 V+5% 


Latch-up protected to 100 mA from —1 V 
to Vcc +1V 


GENERAL DESCRIPTION 


The Am28F020A is a 2 Megabit Flash memory organ- 
ized as 256K bytes of 8 bits each. AMD’s Flash memo- 
ries offer the most cost-effective and reliable read/write 
non- volatile random access memory. The Am28F020A 
is packaged in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in ceramic DIP package. It is 
designed to be reprogrammed and erased in-system or 
in standard EPROM programmers. The Am28F020A is 
erased when shipped from the factory. 


The standard Am28F020A offers access times as fast 
as 90 ns, allowing operation of high-speed microproces- 
sors without wait states. To eliminate bus contention, 
the Am28F020A has separate chip enable (CE) and out- 


put enable (OE) controls. 


AMD’s Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F020A uses a command register to manage this 
functionality, while maintaining a standard JEDEC 
Flash standard 32-pin pinout. The command register al- 
lows for 100% TTL level control inputs and fixed power 
supply levels during erase and programming, while 
maintaining maximum EPROM compatibility. 
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@ Embedded Erase Electrical Bulk Chip-Erase 
— Five seconds typical chip erase including 
preprogramming 
& Embedded Program 
e244 us typical byte-program 
— Four seconds typical chip program 
& Command register architecture for 


microprocessor/microcontroller compatible 
write interface 


Hm On-chip address and data latches 
fi Advanced CMOS flash memory technology 
— Low cost single transistor memory cell 


ff Embedded algorithms for completely 
self-timed write/erase operations 


¥ Automatic write/erase pulse stop timer 


AMD's Flash technology reliably stores memory con- 
tents even after 100,000 erase and program cycles. The 
AMD cell is designed to optimize the erase and pro- 
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal 
electric fields for erase and programming operations 
produces reliable cycling. The Am28F020A uses a 
12.0V+5% Vpp supply to perform the erase and pro- 
gramming functions. 


The highest degree of latch-up protection is achieved 
with AMD’s proprietary non-epi process. Latch-up pro- 
tection is provided for stresses up to 100 mA on address 
and data pins from —1 V to Vcc +1 V. 


Embedded Program 


The AmM28F020A is byte programmable using the Em- 
bedded Programming algorithm. The Embedded Pro- 
gramming algorithm does not require the system to 
time-out or verify the data programmed. The typical 
room temperature programming time of the 
Am28F020A is four seconds. 


Publication# 17502 Rev.B Amendment/0 
Issue Date: March 1994 
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GENERAL DESCRIPTION 
Embedded Erase 


The entire chip is bulk erased using the Embedded 
Erase algorithm. The Embedded Erase algorithm auto- 
matically programs the entire array prior to electrical 
erase. The timing and verification of electrical erase are 
controlled internal to the device. Typical erasure at room 
temperature is accomplished in one second. 


_ AMD's Am28F020A is entirely pin and software compat- 
ible with AMD Am28F010A Flash memory. 


Embedded Programming Algorithm vs. 
Flashrite Programming Algorithm 


The Flashrite Programming algorithm requires the user 
to write a program set-up command, a program com- 
mand (program data and address), and a program verify 
command followed by a read and compare operation. 
The user is required to time the programming pulse 
width in order to issue the program verify command. An 
integrated stop timer prevents any possibility of over- 
programming. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with the data intended to be written; ifthere is nota 
~ match, the sequence is repeated until there is a match or 
the sequence has been repeated 25times. __ 


AMD's Embedded Programming algorithm requires the 
user to only write a program set-up command and a pro- 
gram command (program data and address). The de- 


vice automatically times the programming pulse width, - 


provides the program verify and counts the number of 
sequences. A status bit, Data Polling, provides feed- 
back to the user as to the status of the programming op- 
eration. 


Embedded Erase Algorithm vs. Flasherase Erase 
Algorithm 


The Flasherase Erase algorithm requires the device to 
be completely programmed prior to executing an erase 
command. To invoke the erase operation the user writes 


an erase set-up command, an erase command, and an 
erase verify command. The user is required to time the 
erase pulse width in order to issue the erase verify com- 
mand. An integrated stop timer prevents any possibility 
of overerasure. Upon completion of this sequence the 
data is read back from the device and compared by the 
user with erased data. If there is not a match, the se- 
quence is repeated until there is a match or the se- 
quence has been repeated 1,000 times. 


AMD’s Embedded Erase algorithm requires the user to 
only write an erase set-up command and erase com- 
mand. The device will automatically pre-program and 
verify the entire array. Then the device automatically 
times the erase pulse width, provides the erase verify 
and counts the number of sequences. A status bit, Data 
Polling, provides feedback to the user as to the status of 
the erase operation. | 


Commands are written to the command register using 
standard microprocessor write timings. Register con- 
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad- 
dress and data needed for the programming and erase 
operations. For system design simplification, the 
Am28F020A is designed to support either WE or CE 
controlied writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occurs first. To simplify the fol- 
lowing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


AMD’s Flash technology combines years of EPROM 
and EEPROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F020A electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro- 
grammed one byte at atime using the EPROM program- 
ming mechanism of hot electron injection. 
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BLOCK DIAGRAM 





DQ0-DQ7 


Veco. > 


Vss —— 


Erase 
VPP Voltage tl oe 


To Arra | 4 
Toy 


Chip Enable . 
Output Enable 

r-¥ 
r-¥ 


ZL 


Pulse Timer 
Address 
Latch 2,097,152 
AO~-A17 X-Decoder Bit 
Cell Matrix 


17502B-1 








WE State 
Control 






Command 
Register 


Program 
Voltage 
Switch 


















PRODUCT SELECTOR GUIDE 
Am28F020A 


Ordering Part No: 
+10% Vcc Tolerance 


+5% Vcc Tolerance 


Max Access Time (ns) 
CE (E) Access (ns) 
OE (G) Access (ns) 
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CONNECTION DIAGRAMS 





17502B-3 





17502B-2 


Note: Pin 1 is marked for orientation. 
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CONNECTION DIAGRAMS 


A114 
AS 
A8 

A13 

A14 

A17 

WE 

Vec 

Vpp 

A16 

A15 

Al2 
A7 
A6 
A5 
A4 


O 


1 
2 
3 
4 
5 
6 
7 
8 
9 





28F020A Standard Pinout 


Alt 
AQ 
A8 
A13 
A14 
AIT 
WE 
Vec 
Vpp 
A16 
A15 
Ail2 
A7 
A6 
A5 
A4 


qJ 


OON OO AWD — 





28F020A Reverse Pinout 17502B-4 


28F020A 256K x 8 Flash Memory in 32-Lead TSOP 


LOGIC SYMBOL 





17502B-5 
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ORDERING INFORMATION 
Standard Products 


amo &t 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


AM28F020A -9 


DEVICE NUMBER/DESCRIPTION 


Am28F020A 


5 J Cc B 
Li OPTIONAL PROCESSING 


Blank 
B 


Standard Processing 
Burn-In 


ot 


TEMPERATURE RANGE 


C = Commercial (0°C to +70°C) 

| = Industrial (-40°C to + 85°C) 

E = Extended (-55°C to + 125°C) 

PACKAGE TYPE 

P = 32-Pin Plastic DIP (PD 032) 

J = 32-Pin Rectangular Plastic Leaded 
Chip Carrier (PL 032) 

E = 32-Pin TSOP Standard Pinout (TS 032) 

F = 32-Pin TSOP Reverse Pinout (TSR 032) 

D = 32-Pin Ceramic DIP (CD 032) 

SPEED 


See Product Selector Guide and 
Valid Combinations 


2 Megabit (256K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 


Valid Combinations 


AM28F020A-90 PC, JC, EC, 
AM28F020A-95 FC, DC 


AM28F020A-120 
AM28F020A-150 
AM28F020A-200 























PC, Pl, JC, Jl, PE, 
PEB, JE, JEB, EC, 
FC, El, Fl, EE, FE, 
EEB, FEB, DC, DI, 
DE, DEB 






Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 


Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 


‘AM28F020A -120 /B X A 


——=s LEAD FINISH 


A = Hot Solder Dip 





PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE NUMBER/DESCRIPTION 
Am28F020A 


2 Megabit (256K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


AM28F020A-120 
AM28F020A-150 
AM28F020A-200 
AM28F020A-250 







Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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PIN DESCRIPTION 


A0Q-A17 
Address Inputs for memory locations. Internal latches 
hold addresses during write cycles. 


CE (E) 

The Chip Enable active low input activates the chip’s 
control logic and input buffers. Chip Enable high will 
deselect the device and operates the chip in stand-by 
mode. 


DQ0—DQ7 

Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding pin is not connected inter- 
nally to the die. 


OE (G) 

The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


AMD \ 


Vpp 

Power supply for erase and programming. Vee must be 
at high voltage in order to write to the command register. 
The command register controls all functions required to 
alter the memory array contents. Memory contents can- 
not be altered when Vpp < Vcc +2 V. 


Vec 
Power supply for device operation. (5.0 V+5% or 10%) 


Vss 
Ground 


WE (W) 

The Write Enable active low input controls the write 
function of the command register to the memory array. 
The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate data is latched 
on the rising edge of the pulse. 
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BASIC PRINCIPLES 


The Am28F020A uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram- 
ming operations use a fixed 12.0V + 5% power supply. 


. Read Only Memory 


Without high Vep voltage, the Am28F020A functions as 
a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 


Command Register 


The command register is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 


The Am28F020A’s command register is written using 
standard microprocessor write timings. The register 
~ controls an internal state machine that manages all de- 
vice operations. For system design simplification, the 
Am28F020A is designed to support either WE or CE 
controlled writes. During a system write cycle, ad- 
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow- 
ing discussion, the WE pin is used as the write cycle 
control pin throughout the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 
Embedded Erase Algorithm 


AMD now makes erasure extremely simple and reliable. 
The Embedded Erase algorithm requires the user to 
only write and erase set-up command and erase com- 
mand. The device will automatically pre-program and 
verify the entire array. The device automatically times 
the erase pulse width, provides the erase verify and 
counts the number of sequences. A status bit, Data Poll- 
ing, provides feedback to the user as to the status of the 
erase operation. 


Embedded Programming Algorithm 


AMD now makes programming extremely simple and 
reliable. The Embedded Programming algorithm 
requires the user to only write a program set-up 
command and a program command. The device auto- 
matically times the programming pulse width, provides 
the program verify and counts the number of se- 
quences. A status bit, Data Polling, provides feedback 
to the user as to the status of the programming 
operation. : 


Data Protection 


The Am28F020A is designed to offer protection against 
accidental erasure or programming, caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F020A powers up in its read only state. 
Also, with its control register architecture, alteration of 
the memory contents only occurs after successful com- 
pletion of specific command sequences. | 


The device also. incorporates several features to 
prevent inadvertent write cycles resulting form Vcc 


power-up and power-down transitions or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, a write cycle is locked out for Vec less 
than 3.2 V (typically 3.7 V). If Vcc < Viko, the command 
register is disabled and all internal progranvVerase cir- 
cuits are disabled. The device will reset to the read 
mode. Subsequent writes will be ignored until the Vec 
levelis greater than Viko. It is the users responsibility to 
ensure that the control pins are logically correct to pre- 
vent unintentional writes when Vcc is above 3.2 V. 


Write Pulse “Glitch” Protection 


Noise pulses of less than 10 ns (typical) on 
WE wiil not initiate a write cycle. 


E, CE or 


Logical Inhibit 

Writing is inhibited by holding any one of OE = Vi, 
CE = Vin or WE = Vin. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one.. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vi and OE =ViH 
will not accept commands on the rising edge of WE. The 
internal state machine is automatically reset to the read 
mode on power-up. 





2-238 


Am28F020A 


AMD al 





FUNCTIONAL DESCRIPTION 
Description of User Modes 


Table 1. Am28F020A User Bus Operations 


Vpp 
== 


a se ae ee ne 
ae ie ee a 
== Mal Mal Bi 
Code (Note 2) 

| vn {| xX 

oes ee 










HIGH Z 
Auto-select Device Code 
(Note 2) 


VPPL VIH Vip CODE 
— (29H) 
Read/Write 


VPPH DouT 
(Note 4) 


ee eee 







VPPL VIL Vip CODE 
(Note 3)] (01H) 
Output —— | VePH HIGH | HIGH Z | 
Write Vit vee ns 
(Note 6) 


X = Don’t care, where Don't Care is either Vit or Vin levels, VepL = VPP S Voc + 2 V, See DC Characteristics for voltage 
levels of VppH, OV <An < Vcc + 2 V, (normal TTL or CMOS input levels, where n = 0 or 9). 





Legend: 


Notes: 


1. VppL may be grounded, connected with a resistor to ground, or < Vcc +2.0 V. VpPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vep = VpPL, memory contents can be read but not written or erased. 


Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 
11.55 Vos 13.0V 

Read operation with Vpp = VpPH may access array data or the Auto select codes. 

With Vpp at high voltage, the standby current is Icc + lpp (standby). 


Refer to Table 3 for valid Din during a write operation. 


N O@ AM KR WB PL 


All inputs are Don't Care unless otherwise stated, where Don’t Care is either Vit or Vin levels. In the Auto select mode all 
addresses except A9 and AO must be held at Vi. | 
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READ ONLY MODE 
Vep<Vcc+2V 

Command Register Inactive 
Read 


The Am28F020A functions as aread only memory when 
Vpp < Voc +2 V. The Am28F020A has two control func- 


tions. Both must be satisfied in order to output data. CE 


controls power to the device. This pin should be used for 
specific device selection. OE controls the device out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tacc is equal to the delay from sta- 
ble addresses to valid output data. The chip enable ac- 
cess time tce is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en- 


able access time is the delay from the falling edge of OE 


to valid data at the output pins (assuming the addresses 
have been stable at least tacc — toe). 


Standby Mode 


The Am28F020A has two standby modes. The CMOS 
standby mode (CE input held at Vcc +0.5 V), consumes 
less than 100 pA of current. TTL standby mode (CE is 
held at Vin) reduces the current requirements to less 
than 1 mA. Whenin the standby mode the outputs are in 
a high impedance state, independent of the OE input. 


If the device is deselected during erasure, program- 
ming, or progranvVerase verification, the device will draw 
active current until the operation is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im- 
pedance state. 


Auto Select 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the 
device. 


Programming In A PROM Programmer 


To activate this mode, the programming equipment 
must force Vip (11.5 V to 13.0 V) on address A9. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address AO from Vit to Vin. All other 
address lines must be held at Vi_, and Vep must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = ViL) represents the manufacturer 
code and byte 1 (AQ = Vin) the device identifier code. For 
the Am28F020A these two bytes are given in the table 
below. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (DQ7) defined as the 
parity bit. 


(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program- 
ming the Flash memory device in-system). 


Table 2. Am28F020A Auto Select Code 





Co a SC 


Code 
Type (HEX) 


ea Se A CO 
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ERASE, PROGRAM, AND READ MODE 


Vep = 12.0 V+ 5% 
Command Register Active 


Write Operations 


High voltage must be applied to the Vee pin in order to 
activate the command register. Data written to the regis- 
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 


The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The register is written 
by bringing WE and CE to Vu, while OE is at Vin. Ad- 
dresses are latched on the falling edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor write timings are used. 


The device requires the OE pin to be Vin for write opera- 
tions. This condition eliminates the possibility for bus 
contention during programming operations. In order to 
write, OE must be Vin, and CE and WE must be Vi. If 
any pin is not in the correct state a write command will 
not be executed. 


Refer to AC Write Characteristics and the Erase/Pro- 
gramming Waveforms for specific timing parameters. 


Command Definitions 


The contents of the command register default to 00H 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem- 
ory. High voltage on the Ver pin enables the command 
register. Device operations are selected by writing spe- 
cific data codes into the command fegietete. Table 3 de- 
fines these register commands. 


Read Command 


Memory contents can be accessed via the read com- 
mand when Vpp is high. To read from the device, write 
OOH into the command register. Standard microproces- 
sor read cycles access data from the memory. The de- 
vice will remain in the read mode until the command 
register contents are altered. 


The command register defaults to OOH (read mode) 
upon Vpp power-up. The 00H (Read Mode) register de- 
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vep power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 


Table 3. Am28F020A Command Definitions 






First Bus Cycle second Bus Cycle 
Operation Address Data Operation Address Data 
Command Nets us an 2). (Note 3) (Note 1) (Note 2) reas! 3) 






Read Auto select Sate 80H or 90H 0OH/01H an 
Embedded Erase Set-up/ Write X 30H Write X 30H 
Embedded Erase 

Embedded Program Set-up/ Write X 10H or 50H | Write PA 

Embedded Program 

Reset (Note 4) pwrie [x | FH [Wie sx *«( FFA 


Notes: 
1. Bus operations are defined in Table 17. 
2. RA = Address of the memory location to be read. 
PA = Address of the memory location to be programmed. 


Addresses are latched on the falling edge of the WE pulse. 
X = Don't care. 







3. AD = Data read from location RA during read operation. pe 
PD = Data to be programmed at location PA. Data latched on the rising edge of WE. 


4. Please reference Reset Command section. 
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FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD’s Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic chip erase does not require the device to 
be entirely pre-programmed prior to executing the Em- 
bedded set-up erase command and Embedded erase 
command. Upon executing the Embedded erase com- 
mand the device automatically will program and verify 
the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation are complete when the 
data on DQ7 is “1” (see Write Operation Status section) 
at which time the device returns to Read mode. The sys- 
tem is not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded Erase algorithm, the erase 
automatically terminates when adequate erase margin 
has been achieved for the memory array (no erase ver- 
ify command is required). The margin voltages are inter- 
nally generated in the same manner as when the 
standard erase verify command is used. 


The Embedded Erase Set-up command is a command 
only operation that stages the device for automatic elec- 
trical erasure of all bytes inthe array. Embedded Erase 
Set-up is performed by writing 30H to the command 
register. 


To commence automatic chip erase, the command 30H 
must be written again to the command register. The 
automatic erase begins on the rising edge of the WE and 
terminates when the data on DQ7 is “1” (see Write Op- 
eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 4 illustrate the Embedded. Erase al- 
gorithm, a typical command string and bus operation. 









Erasure Completed 


17502B-6 















Figure 5. Embedded Erase Algorithm 





2-242 


Am28F020A 


AMD at 


Table 4. Embedded Erase Algorithm 










Write . Embedded Erase 
Set-Up Command 








Note: 


Standby | | Wait for Ver Ramp to VePH (1) 


Write Embedded Erase Data = 30H 
Command 


ae Data Polling to Verify Erasure 
Standby Ret Compare Output to FFH 
Rul ncwsie Available for Read Operations —_. 





1. See DC Characteristics for value of Vpp.. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, Vpp_ may be ground, no connect with a resistor tied to ground, or less than Vcc + 2.0 V. Refer to Functional 


Description. 





Embedded Programming Algorithm 


The Embedded Program Set-up is a command only op- 
eration that stages the device for automatic program- 
ming. Embedded Program Set-up is performed by 
writing 50H to the command register. 


Once the Embedded Set-up Program operation is per- 
formed, the next WE pulse causes a transition to an ac- 
tive programming operation. Addresses are latched on 
the falling edge of CE or WE pulse, whichever happens 
later. Data is latched on the rising edge of WE or CE, 
whichever happens first. The rising edge of WE also 


begins the programming operation. The system is not 
required to provide further controls or timings. The de- 
vice will automatically provide an adequate internally 
generated program pulse and verify margin. The auto- 
matic programming operation is completed when the 
data on DQ7 is equivalent to data written to this bit (see 
Write Operation Status section) at which time the device 
returns to Read mode. 


Figure 6 and Table 5 illustrate the Embedded Program 
algorithm, a typical command string, and bus operation. 













Increment Address 


Apply VPPH 
Write Embedded Set-up Program Command 


Write Embedded Program Command (A/D) 


Data Poll Device 


Programming Completed 
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Figure 6. Embedded Programming Algorithm 
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Table 5. Embedded Programming Algorithm 






Bus Operations 
Write Embedded Program 
Set-Up Command 


Note: 





Standby Pe ad Wait for Vpp Ramp to VpPH (1) 


Write Embedded Program Valid Address/Data 
Command 


He ace el Data Polling to Verify Completion 
Pe Available for Read Operations 








1. See DC Characteristics for value of VppH. The Vpppower supply can be hard-wired to the device or switchable. When Vpp is 


switched, VepL may be ground, no connect with a resistor tied to ground, orless than Vcc + 2.0 V. Refer to Functional Descrip- 
tion. Device is either powered-down, erase inhibit or program inhibit. 





Write Operation Status 
Data Polling—DQ7 


The Am28F020A features Data Polling as a method to 
indicate to the host system that the Embedded algo- 
rithms are either in progress or completed. 


While the Embedded Programming algorithm is in op- 
eration, an attempt to read the device at a valid address 
will produce the complement of expected Valid data on 
DQ7. Upon completion of the Embedded Program algo- 
rithm an attempt to read the device ata valid address will 
produce Valid data on DQ7. The Data Polling feature is 
valid after the rising edge of the second WE pulse of the 
two write pulse sequence. 
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While the Embedded Erase algorithm is in operation, 
DQ7 will read “0” until the erase operation is completed. 
Upon completion of the erase operation, the data on 
DQ7 will read “1”. The Data Polling feature is valid after 
the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming or erase algorithms. 


See Figure 7a and 8a for the Data Polling timing specifi- 
cations and diagrams. Data Polling is the standard 
method to check the write operation status, however, an 
alternative method is available using Toggle Bit. 





Am28F020A 


AMD L\ 





START 


Read Byte 


- VA = Byte address for programming 
oer = XXXXH during chip erase 








YES 
DQ7=Data 
9 


NO 


YES 


Read Byte 
(DQ0-DQ7) 
Addr=VA 





YES 





NO 
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Note: 
1. DQ7 is rechecked even if DQ5="1" because DQ7 may change simultaneously with DQ5 or after DQ5. 





Figure 7a. Data Polling Algorithm 
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Toggle Bit—DQ6 


The Am28F020A also features a “Toggle Bit” as a 
method to indicate to the host system that the Embed- 
ded algorithms are either in progress or completed. 


Successive attempts to read data from the device ata 
valid address, while the Embedded Program algorithm 
is in progress, or at any address while the Embedded 
Erase algorithm is in progress, will result in DQ6 tog- 
gling between one and zero. Once the Embedded Pro- 
gram or Erase algorithm is completed, DQ6 will stop 


START 


Read Byte 


(DQ0-DQ7) 


Addr=VA 





toggling to indicate the completion of either Embedded 
operation. Only on the next read cycle will valid data be 
obtained. The toggle bit is valid after the rising edge of 
the first WE pulse of the two write pulse sequence, un- 
like Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter- 
mine if the device is partially through the two write pulse 
sequence. 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 


VA = Byte address for programming 
= XXXXH during chip erase 


NO 
DQ6=Toggle 
? 


YES 
YES 


Read Byte 


(DQ0-DQ7) 
Addr=VA 





DQ6=Toggle 
4 


YES 


Note: 


NO 


Pass 
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1. DQ6 is rechecked even if DQ5="1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Figure 7b. Toggle Bit Algorithm 
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17502B-10 
Note: 
*DQ7=Valid Data (The device has completed the Embedded operation). 


Figure 8a. AC Waveforms for Data Polling During Embedded Algorithm Operations | 
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DQ5 
Exceeded Timing Limits 


DQ5 will indicate if the program or erase time has ex- 
ceeded the specified limits. This is a failure condition 
and the device may not be used again (internal pulse 
count exceeded). Under these conditions DQ5 will pro- 
duce a “1”. The program or erase cycle was not 


successfully completed. Data Polling is the only operat- 
ing function of the device under this condition. The CE 
circuit will partially power down the device under these 
conditions (to approximately 2 mA). The OE and WE 
pins will contro! the output disable functions as de- 
scribed in Table 1. 





cE / \ 


tOEH 


Data | DQ6 
DQ0-DQ7 fy :BOb= Toggle UOs= ledale xX Stop Toggling Valid 
tOE 


Note: 


DQ0-DQ7 
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*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 8b. AC Waveforms for Toggle Bit During Embedded Algorithm Operations 


Parallel Device Erasure 


The Embedded Erase algorithm greatly simplifies paral- 
lel device erasure. Since the erase process is internal to 
the device, a single erase command can be given to 
multiple devices concurrently. By implementing a paral- 
lel erase algorithm, total erase time may be minimized. 


Note that the Flash memories may erase at different 
rates. If this is the case, when a device is completely 
erased, use a masking Code to prevent further erasure 
(over-erasure). The other devices will continue to erase 
until verified. The masking code applied could be the 
read command (00H). 


Power-Up Sequence 

The Am28F020A powers-up in the Read only mode. 
Power supply sequencing is not required. 

Reset Command 


The Reset command initializes the Flash memory de- 
vice to the Read mode. In addition, it also provides the 
user with a safe method to abort any device operation 
(including program or erase). 3 
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The Reset must be written two consecutive times after 
the Set-up Program command (50H). This will reset the 
device to the Read mode. 


Following any other Flash command, write the Reset 
command once to the device. This will safely abort any 
previous operation and initialize the device to the Read 
mode. 


The Set-up Program command (50H) is the only com- 
mand that requires a two-sequence reset cycle. The first 
Reset command is interpreted as program data. How- 
ever, FFH data is considered as null data during pro- 
gramming operations (memory cells are only 
programmed froma logical “1” to “O”). The second Reset 
command safely aborts the programming operation and 
resets the device to the Read mode. 


Memory contents are not altered in any case. 


This detailed information is for your reference. It may 


‘prove easier to always issue The Reset command two 


consecutive times. This eliminates the need to deter- 
mine if you are in the Set-up Program state or not. 


Am28F020A 


In-System Programming Considerations 


Flash memories can be programmed in-system or ina 
standard PROM programmer. The device may be sol- 
dered to the circuit board upon receipt of shipment and 


programmed in-system. Alternatively, the device may 


initially be programmed in a PROM programmer prior to 
soldering the device to the circuit board. 


Auto Select Command 


AMD's Flash memories are designed for use in applica- 
tions where the local CPU alters memory contents. Inor- 
der to correctly program any Flash memories in-system, 
manufacturer and device codes must be accessible 
_while the device resides in the target system. PROM 
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programmers typically access the signature codes by 
raising AQ to a high voltage. However, multiplexing high 
voltage onto address lines is not a generally desired 
system design practice. | 


The Am28F020A contains an Auto Select operation to 
supplement traditional PROM programming methodolo- 
gies. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address 0000H retrieves the manufacturer code of 
01H (AMD). A read cycle from address 0001H returns 
the device code 29H (see. Table 2). To terminate the op- 
eration, it is necessary to write another valid command, 
such as Reset (FFH), into the register. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic Packages ............. —65°C to +150°C 
Plastic PackageS ............... —65°C to +125°C 
Ambient Temperature 
with Power Applied ............ —55°C to + 125°C 


Voltage with Respect To Ground 


All pins except AS and Vep (Note 1) -2.0Vto+7.0V 
VCG(NOIG-1)? Salei eee Settee ~2.0V to +7.0 V 
AS(NOIE 2) ite cence asacete tans ~2.0 V to +14.0 V 
Vep (Note 2)..............0005 -2.0 V to +14.0 V 
Output Short Circuit Current (Note 3) ...... 200 mA 


Notes: 
1. Minimum DC voltage on input or I/O pins is -0.5 V. During 


voltage transitions, inputs may overshoot Vss to-2.0 V for 
periods of upto 20 ns. Maximum DC voltage on output and 


VO pins is Vcc + 0.5 V. During voltage transitions, outputs 
may overshoot to Vcc + 2.0 V for periods up to 20ns. 


2. Minimum DC input voltage on A9 and Vpp pins is -0.5V. 


During voltage transitions, A9 and Vpp may overshoot Vss | 


to -2.0 V for periods of up to 20 ns. Maximum DC input 
voltage on AQ and Vpp is +13.5 V which may overshoot to 
14.0 V for periods up to 20 ns. 


3. No more than one output shorted at a time. Duration of the 
short circuit should not be greater than one second. 


Stresses above those listed under “Absolute Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


OPERATING RANGES 
Commercial (C) Devices 


Case Temperature (Tc) ............ 0°C to +70°C 
industrial (|) Devices 

Case Temperature (Tc) .......... —40°C to +85°C 
Extended (E) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Military (M) Devices 

Case Temperature (Tc) ......... —55°C to +125°C 
Vcc Supply Voltages 

Voc for AM28FO20A-X5 ......... +4.75 V to +5.25 V 
Vcc for AM28FO020A-XX0....... +4.50 V to +5.50 V 
Vpp Supply Voltages 

Mead 2: fant eiheseueeer eee cows -0.5Vto+12.6V 
Program, Erase, and Verify ..... +11.4Vto+12.6V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 











20 ns 20 ns 
+0.8 V 
-~0.5 V 
—2.0V 
20 ns 
17502B-12° 
Maximum Positive Input Overshoot 
20 ns 

Veco +2.0 V 

Voc +0.5 V 
2.0V : 
20 ns 20 ns 
17502B-13 
Maximum Vpp Overshoot 
20 ns 

14.0 V 
13.5 V 
Vcoc+0.5V 

20 ns 20 ns 
17502B-14 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL 
Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 
(Notes 1-4) 


DC CHARACTERISTICS-TTL/NMOS COMPATIBLE 


Parameter 
Symbol Parameter Description Test Conditions Typ 
Iu Input Leakage Current Vcc = Vcc Max, | +1.0 pA 
| Vin = Vcc or Vss 
ILo Output Leakage Current Vcc = Vcc Max, +1.0 pA 
Vout = Vecor Vss 
Iccs Vcc Standby Current Vcc = Vcc Max mA 
CE = VIH 
Icc1 Vcc Active Read Current Vcc = Vcc Max, CE = VIL, OE = VIH mA 
louT = 0 mA, at 6 MHz 
loc2 Vcc Programming Current CE = ViL 
(Note 4) Programming in Progress 
Icca Vcc Erase Current CE = ViL 
(Note 4) Erasure in Progress 


VPP Standby Current 


so 
__[Wersven——OSSS—C~sC 
















IppP2. = | Ss Vpp Programming Current Vpp = VPPH 
(Note 4) Programming in Progress 
IPP3 Vpp Erase Current Vpp = VPPH 
(Note 4) Erasure in Progress 


VoL Output Low Voltage lol = 5.8 mA | 
Vec = Vec Min 
VOH1 Output High Voltage loH= ~2.5 mA 2.4 
| Vcc = Vcc Min 


AB Auto Select Vohage _[AV=Vo——S~S~SY SS CdCI 
AQ Auto Select Current AY = Vip Max 5 
Vcc = Vcc Max 
VPPL Vpp during Read-Only Note: Erase/Program are 
Operations inhibited when Vpp = VpPL 
VPPH © Vpp during Read/Write 
Operations 


Low Vcc Lock-out Voltage 


Notes: 
1. Caution: the Am28F020A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 





. lect is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4, Not 100% tested. 
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DC CHARACTERISTICS—CMOS COMPATIBLE 


Parameter 
_ Parameter Description Test Conditions 
Input Leakage Current Vcc = Vcc Max, 
Vin = Vcc or Vss 
Output Leakage Current Vcc = Vcc Max, .O 
Vout = Vcc or Vss 
lccs Vec Standby Current Vcc = Vcc Max 
CE = Vcc+0.5V 


ee Vcc Active Read Current Vcc = Vcc Max, CE = Vit. OE = VIH 
louT = O mA, at 6 MHz 


—— Vcc Programming Current CE =Vit 
(Note 4) Programming in Progress 

Icc3 Vcc Erase Current CE = VIL 

ae 4) Erasure in nen! 


| pps VPP | Vep Standby Current Current | Vpp=VppR sd VPPL ace 


IpP2 Vpp Programming Current Vpp = VPPH 

(Note 4) Programming in Progress 
IPP3 Vpp Erase Current Vpp = VPPH 

(Note 4) Erasure in icnanL ene 


P vu | rputtow Votage Pos [es Tv 


La Input High Voltage |. 7 Vcc Vcc 
+ 0.5 
Output Low Voltage lo. = 5.8 mA 0.45 

Vcc = Vcc Min 


ay loH = —2.5 mA, Voc = Vcc Min 

Output High Voltage 
| ton=—100 HA, Vee = Vec Min TL 
-0.4 
Ag Auto Select Current AQ = Vip Max 
Vcc = Vcc Max 

VPPL Vpp during Read-Only Note: Erase/Program are Vcc V 
Operations inhibited when Vpp = VPPL + 2.0 

VPPH Vpp during Read/Write 12.6 
Operations 


ee eee 


Notes: 
1. Caution: the Am28F020A must not be removed from (or inserted into) a socket when Vcc or Vpp is applied. 


































. Iec1 is tested with OE = Vin to simulate open outputs. 


2 
3. Maximum active power usage is the sum of Icc and Ipp. 
4, Not 100% tested. 
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lec Active 
inmA 





0 1 2 3 4 5 6 7 8 9 10 11 12 
Frequency in MHz 17502B-15 


Figure 9. AM28F020A - Average Icc Active vs. Frequency 
Vcc = 5.5 V, Addressing Pattern = Minmax 
Data Pattern = Checkerboard 
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PIN CAPACITANCE 





1. Sampled, not 100% tested. 
2. Testconditions Ta = 25°C, f = 1.0 MHz 





SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS—Read Only Operation (Notes 1-4) 


Symbols "120 450 
JEDEC | Standard | 
tAVAV Read Cycle Time Min 120 150 
(Note 4) Max 
tELQV Chip Enable Min 
Access Time Max 
tAVaV tAcc Address Min 
Access Time Max 
tGLav Output Enable Min 
Access Time Max 30 50 55 55 
tELQX tLz | Chip Enable to Min 
Output in Low Z (Note 4) Max 
tEHQZ tDF Chip Disable to Min 
Output in High Z (Note 3) Max 20 30 35 35 35 
tGLax toLz Output Enable to Min ‘0 
Output in Low Z (Note 4) Max 
tGHQz tDF Output Disable to Min 
. Output in High Z (Note 4) Max 
tAXQX tOH Output Hold from first of Min 
Address, CE, or OE Change Max 
(Note 4) 
tWHGL Write Recovery Min 
Time before Read Max 
tvcs Vcc Set-up Time to Min 50 50 50 50 us 
Valid Read (Note 4) Max 


Notes: 


1. Output Load: 1 TTL gate and Cy = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 0.45 to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 Vand2.V 
Outputs: 0.8 V and 2 V 


2. The nee Ee: 95 Output Load: 1 TTL gate and Cz = 100 pF 

Input Rise and Fall Times: < 10. ns 

Input Pulse levels: 0 to3 V 

Timing Measurement Reference Level: 1.5 V inputs and outputs. 



















Parameter Description 












3. Guaranteed by design not tested. 
4, Not 100% tested. 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1— 6) 


Parameter Am28F020A 
Symbols 


JEDEC 
tAVAV 





Standard Parameter Description 


t Write Cycle Time 


(Note 6) 


Output Enable Hold Time 
for Embedded Algorithm 
only (See Figure 8) 


Read Recovery Time Min ps 
before Write Max 
tCSE Chip Enable Embedded Min 20 20 . 20 20 20 
Algorithm Setup Time Max 
tCH Chip Enable 
Hold Time 
twp Write Pulse Width Min 45 50 
Max 
tWPH Write Pulse 20 
Width HIGH 
Embedded Programming 14 14 14 
Operation (Note 4) 
SALAS 


tAVWL 


tWLAX 


tDVWH 


WC 
tAS 
tAH 
{Ds 

tWHDX tDH 


tOEH 


tGHWL 
tELWLE 
tWHEH 
tWLWH 
tWHWL 
tWHWH3 


Embedded Erase 
Operation (Note 5) 


Vpp Set-Up Time to 
Chip Enable LOW (Note 6) 


Vcc Set-Up Time to 
Chip Enable LOW (Note 6) 

_Vpp Rise Time 500 500 
90% VPPH (Note 6) 


Vpp Fall Time Min 500 500 
90% VppL (Note 6) Ma 


Vcc < VLKO. Min 100 100 100 
to Reset (Note 6 Max 
Notes: 


1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 


2. All devices except Am28F020A-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


3. Am28F020A-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 


tWHWH4 


tVPEL 


-tVCS 


tVPPR 


tVPPF 


tLKO 





4. Embedded Program Operation of 14 j1s consists of 10 1s program pulse and 4 1s write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 


5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 


6. Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM _INPUTS 


Must Be 
Steady 


May 
Change 
from H tol 


May 
Change 
from LtoH 


Don’t Care, 
Any Change 
Permitted 





OUTPUTS 


Will Be 
Steady 


Will Be 
Cnanging 
from Hto L 


Will Be 
Changing 
from Lto H 


Changing, 
State 
Unknown 





Does Not Center | 
Apply Line is High- 
Impedance 
“Off” State 
KS000010 
SWITCHING WAVEFORMS 
Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid Standby, Power-down 
ee Oe XX) 2 OXXKXK KKK 
Add Addr Stable 
“eee™ DANAAA yuna MDAMVAA 
tavav (tRC) 
CE (E) 
res ae tEHQZ 
(toF) 
OE (G) 
tWHGL — tGHQz 
(toF) 
WE (W) tGLav (toe) 
. tELav (tcE) 
tGLax (tOLz) taxax (tOH) 
tELOXx (tLZ) 
High Z tvcs | Panis High Z 
Data (DQ) \ (4 Output Valid / 
tavav (tacc) 
5.0V 
Vcc 
OV 
17502B-16 
Figure 10. AC Waveforms for Read Operations 
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SWITCHING WAVEFORMS 


Embedded Embedded 
Erase Set-Up Erase Erase Data Polling Standby Read 


mons AXXO KKK OOK 


twc 
Data 


Vcc | {CE 
Vpp 
17502B-17 


tVPEL 





Note: 
1. DQ7 is the output of the complement of the data written to the device. 


Figure 11. AC Waveforms for Embedded Erase Operation 
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SWITCHING WAVEFORMS 





Sacer ghee Data Polling Read 7 
masresses XXX PA XK PA KKK 
twc tre -— 
tAS 
CE 
OE 
WE 
tDF 
Data 
tOH 
Vcc tCE 
VpP 17502B-18 
isa tVPEL 
Notes: 


1. Din is data input to the device. 
2. DQ7 is the output of the complement of the data written to the device. 


3. DoutT is the output of the data written to the device. 


Figure 12. AC Waveforms for Embedded Programming Operation 
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AC CHARACTERISTICS—Write/Erase/Program Operations (Notes 1— 6) 


Alternate CE Controlled Writes 
Symbols 150 
| JEDEC | | Standard | Parameter Description 
iaoeanat Write Cycle Time Min 200 250 
(Note 6) Max 
tAVEL Address Set-Up Time Min ns 
Max 
tELAX Address Hold Time Min 75 75 
Max 
tDVEH Data Set-Up Time Min 50 50 
Max 
tEHDX Data Hold Time Min 10 10 
Max 
tOEH Output Enable Hold Time 10 
for Embedded Algorithm 
only (See Figure 8) 
tGHEL Read Recovery Time Min 
before Write Max 
tWLEL WE Set-Up Time Min 
by CE Max 
tEHWK tWH WE Hold Time Min 
Max 
tELEH Write Pulse Width Min 
Max 
tEHEL tCPH Write Pulse Min 
Width HIGH Max 
- TEHEH3 Embedded Programming Min 
Operation (Note 4) Max 
tEHEH4 Embedded Erase Typ 
Operation (Note 5) Max 
tVPEL Vpp Set-Up Time to Typ 
Chip Enable LOW (Note 6) Max 
ee Vcc Set-Up Time to Typ 
Chip Enable LOW (Note 6) 
fad Vpp Rise Time 
90% VPPH (Note 6) re 







































~s, 













nm 
oO 


—_ 
> 
—_h 
& oO 


/s 
ro) 
= 
w 


nn 
(oe) 
co) 


tVPPF Vpp Fall Time Min 500 500 
Max 


Vcc < VLKO Min 


Max 
Notes: 
1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read Only operations. 
2. All devices except Am28F020A-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 


3. Am28F020A-95. Input Rise and Fall times: < 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 


re) 
< 


to Reset (Note 6) 





4. Embedded Program Operation of 14 us consists of 10 1s program pulse and 4 us write recovery before read. This is 
the minimum time for one pass through the programming algorithm. 


5. Embedded erase operation of 5 sec consists of 4 sec array pre-programming time and one sec array erase time. This is a 
typical time for one embedded erase operation. 


6. Not 100% tested. | 
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SWITCHING WAVEFORMS 


Embedded Embedded 


Program Set-Up Program Data Polling 
monn ARKH 0» KERR XR 
3 “ — tAH 
WE 
OE 
a — 1EHEH3 OR 4 


m 


| 
tws age 
Para 


tos 


Vcc 


VPP 


tVPEL 
17502B-19 


Notes: 

1. Din is data input to the device. 

2. DQ7 is the output of the complement of the data written to the device. 
3. Dour is the output of the data written to the device. 


Figure 13. AC Waveforms for Embedded Programming Operation 
Using CE Controlled Writes 
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SWITCHING TEST CIRCUIT 







Device 
Under 
Test 


0+5V 


Diodes = IN3064 
or Equivalent 


17502B-20 


CL = 100 pF including jig capacitance 





SWITCHING TEST WAVEFORMS 


2.4V 

















2.0 V 2.0 


> Test Points 


0.8 V 0.8 V 


<= 





0.45 V 


Input 


Output 


All Devices Except Am28F020A-95 


AC Testing: Inputs are driven at 2.4 Vfora 
logic “1” and 0.45 V for alogic “0”. Input pulse 
rise and fall times are < 10 ns. 
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3V 







1.5 TestPoints -1.5 
OV 


Input 


Output 


For Am28F020A-95 
AC Testing: Inputs are driven at 3.0 V fora 


logic “1” and 0 V for a logic “O”. Input pulse rise 
and fall times are < 10 ns. 
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ERASE AND PROGRAMMING PERFORMANCE 


Max 
Parameter esr - 3) Comments 
Chip Erase Time Excludes 00H programming 
ioe 1) Not 2) prior to erasure 


Chip Programming Time rt} ta Excludes system-level overhead 
Note 1) 










Notes: 


1. 25°C, 12 V Vpp 
2. The Embedded algorithm allows for 60 second erase time for military temperature range operations. 


3. Maximum time specified is lower than worst case. Worst case is derived from the Embedded Algorithm internal counter 
which allows for a maximum 6000 pulses for both program and erase operations. Typical worst case for program and erase 
is significantly less than the actual device limit. 


4. Typical worst case = 84 1s. DQ5 = “1” only after a byte takes longer than 96 ms to program. 





-LATCHUP CHARACTERISTICS 










Input Voltage with respect to Vss on all pins except 1/O pins 
(Including A9 and Vpp) 


Input Voltage with respect to Vss on all pins I/O pins Vcc + 1.0 V 
“i00mA | +100 mA 


Includes all pins except Vcc. Test conditions: Vcc = 5.0 V, one pin at a time. 

















DATA RETENTION | 


Test Conditions | Min. | Unit 
Minimum Pattern Data Retention Time 150°C 


125°C 
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DATA SHEET REVISION SUMMARY FOR 
Am28F020A 


Data sheet is Final now, and not Preliminary. 


Functional Description — Table 1 

Legend: Vpp should be less than or equal to Vcc + 2 V 
Erase, Program and Read Mode — Write 
Operations 

Removed Command Register Table and Bit 
assignments. 

Erase, Program and Read Mode — Read Command 
The statement requiring a 6 1s wait before accessing 
the first addressed location was removed. 

Table 3 —- Am28F010A Command Definitions 

The note describing a 6 ps wait before accessing the 
first addressed location was removed. 

Figure 5 —- Embedded Erase Algorithm 

Clarified figure to illustrate the Embedded Erase 
Algorithm. 

Embedded Programming Algorithm 

Added references that addresses are also latched on 
the falling edge of CE, and data is also latched on the 
rising edge of CE, whichever happens later. 

Figure 6 - Embedded Programming Algorithm 
Clarified figure to illustrate the Embedded Erase 
Algorithm. 

Write Operation Status — Data Polling DQ7 


Added statement that an attempt to read the device at a 
valid address will produce valid data on DQ7. 





Figure 7a — Data Polling Algorithm 
Clarified figure to illustrate the Data Polling Algorithm. 


Write Operation Status — Toggle Bit DQ6 

Added statement that successive reads from the device 
will result in DQ6 toggling between ‘1’ and ‘0’. 

Figure 7b — Toggle Bit Algorithm 

Clarified figure to illustrate the Toggle Bit Algorithm. 
Figure 8a — AC Waveforms for Data Polling During 
Embedded Algorithm Operations 

Clarified figure to illustrate the Data Polling Algorithm. 


DQ5 — Exceeded Timing Limits 


Added statement that this is a failure condition and the 
device may not be used again. 


Figure 8b — AC Waveforms for Toggle Bit During 
Embedded Algorithm Operations 


Clarified figure to illustrate the Toggle Bit Algorithm. 


Parallel Device Erasure 
Removed erroneous reference. 


Reset Command 
Added this section. 


In-System Programming Considerations 
Title was changed. 


Auto Select Command 


Added second paragraph describing the Auto select 
command. 


DC Characteristics — TTL/NMOS Compatible 


Added Note 4. Those characteristics are not 100% 
tested. ; 


DC Characteristics - CMOS Compatible 


- Added Note 4. Those characteristics are not 100% 


tested. 


AC Characteristics - Write/Erase/Program 


Operations (Notes 1-6) 

Embedded Programming Operation (twHwus) requires 
minimum of 14 ps. 

Figure 11 —- AC Waveforms for Embedded Erase 
Operation 

Data Polling section does not require a Program 
Address. DQ7 was inserted. 

Figure 12 - AC Waveforms for Embedded Pro- 
gramming Operation 

Embedded Program section needs a Program Address. 
DQ7 was inserted. 

AC Characteristics — Write/Erase/Program 
Operations (Notes 1-6) 

Alternate CE Controlled Writes 

Embedded Programming Operation (teHeH3) requires 
minimum of 14 ys. 

Figure 13 —- AC Waveforms for Embedded Pro- 
gramming Operation Using CE Controlled Writes 


Embedded Program section requires Program Address. 
DQ7 was inserted. Changed twuwus to teers. 
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General Information and Application Notes 





Embedded Algorithms 
In Flash Memories 


Application Note 
by Mike Harris 


at 


Advanced 
Micro 
Devices 


Despite their instant popularity, the first 12.0 V Flash memories introduced in the late 80s had several 
drawbacks. One of the concerns most often voiced by system software designers was the need for 
cumbersome programming sequences to program and erase the devices. Embedded Algorithms 


were developed to eliminate these concerns. 





THE DRAWBACKS OF PROGRAMMING 

WITH FIRST GENERATION ALGORITHMS 
Figure 1 shows the flowchart for programming Flash 
devices using first generation algorithms. The steps 
needed to program a single byte of memory are illus- 
trated in simplistic block diagram form. The program- 
ming code itself is obviously much more complex. The 


Apply Veer 


Time Out 6 us 


Read Data from Device 


Verify Byte 


Last Address 


Increment Address 


4 


erase sequence is similar except Flash devices must 
first be programmed to all zeros prior to being erased. 


A completed listing of code performing all of the 
progranverase functions for a Flash memory typically 
contains 100-200 lines. Although sample code can be 
obtained from the device manufacturer, designers 
usually need to generate their own code specific to the 
individuality of their application. 












Increment PLSCNT 


Write Reset Command 


Apply Ver. 


Programming Completed 


Apply Veet 


Device Failed 


17124A-1 


Figure 1. First Generation Programming Algorithm 


Publication# 17124 Rev.A Amendment/0 
Issue Date: September 1992 
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This extensive programming requirement has many 
disadvantages and can be quite costly. First, of course, 
is the amount of time required to generate and debug 
this code. Since prior designs utilizing EPROMs were 
programmed offline, most software engineers are not 
familiar with the programming of Flash memories. They 
find that the programming process is initially lengthy and 
error prone. The cost to the user includes not only the 
obvious cost of software development but also the lost 
opportunity costs resulting from time to market delays. 


Another concern is the potential long term impact on 
system reliability caused by overstressing a Flash 
device. Since cycling endurance can be affected by 
improper writing or erasing, software bugs can cause 
latent field failures even in systems that appear error 
free in development. In fact, most customer returns at 
AMD have been traced to software errors generated 
during system development. 


SIMPLIFYING FLASH PROGRAMMING 


AMD was the first company to recognize the need to 
simplify programming of Flash memories and incorpo- 
rated it in the design of its first 2 Mbit Flash memory. 
Figure 2 illustrates the Embedded Program™ Algorithm. 
The system processor simply issues the write set-up 
command followed by the write command and the 




















Increment Address 






A/D = Address/Data 


Apply VpeH 
Write Embedded Set-up Program Command 


Write Embedded Program Command (A/D) 
Data Poll Device 


Wail ae 
Y 


Last Addres 
Y 
| {Programming 
Completed 


internal state machine on the device takes over control 
of the write operation. The system processor simply 
does DATA polling until the device indicates that the 
write operation is complete. This simplicity is even more 
pronounced during an erase operation since each byte 
of the memory must be individually programmed prior to 
erase. The Embedded Erase™ Algorithm internally 
writes all zeros to each byte and then performs the 
erase. This entire sequence is controlled internally and 
is transparent to the host processor. 


OTHER ADVANTAGES OF EMBEDDED 
ALGORITHMS 
Besides simplifying the complex programming of Flash 


memories, Embedded Algorithms offer these other 
important advantages to the designer: 





Reduced system overhead — Since the Embedded 
Algorithms are completely automatic, the system proc- 
essor is free to perform other functions, such as 
servicing interrupts, during the write or erase opera- 
tions. 


Improved program/erase time — The Embedded Algo- 
rithms are designed to perform write/erase operations in 
the most efficient way possible. All system overhead is 
eliminated. 
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Figure 2. Embedded Programming Algorithm 


3-4 . General! Information and Application Notes 


Increased cycling endurance — By including a self 
correcting mechanism, Flash memories incorporating 
AMD’s Embedded Algorithms will operate to a minimum 
of 100,000 endurance cycles. 


JEDEC standards for self programming of Flash 
devices are now being developed. The Embedded 
Algorithms incorporated in all of AMD's Flash devices 
conform to these standards. 
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SUMMARY 


The benefits of Embedded Algorithms are available 
today from AMD on first generation 12.0 V devices 
(Am28F010A and the Am28F020A) and well as the 
5.0 V, fully sectored Am29F family. Employing these 
algorithms in existing designs will allow you to increase 
your system’s endurance to over 100K cycles. In new 
designs, system development will be simplified and time 
to market reduced. 


Embedded Algorithms in Flash Memories 3-5 


Achieving 100,000 Cycle Endurance: 
A Report on Flash Endurance 


and Reliability 


al 


Advanced 
Micro 
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This article discusses the Advanced Micro Devices approach to achieving and guaranteeing superior 
Flash endurance. The data presented will prove that AMD's 100,000 cycle Flash devices provide the 
highest endurance and reliability levels in the industry. 


Today’s typical Flash applications are perfectly suited to 
10,000 cycle endurance devices. This industry standard 
level of endurance is appropriate for applications such 
as PC BIOS and other designs that require infrequent 
code updates. At the same time, new Flash applications 
are currently being developed which require data to be 
reprogrammed more than 10,000 times. For applica- 
tions of this sort, such as solid state hard disks, industry 
standard Flash devices cannot be counted on to per- 
form reliably. AMD has revolutionized this segment of 
the Flash market with the new Embedded Program™ 
and Embedded Erase™ Algorithms, which guarantee 
100,000 write/erase cycles. 


What is Endurance? 


Endurance is a popular term in the Flash industry. What 
exactly does endurance mean, and how should it be 
measured? 


AMD defines endurance as the number of write/erase 
cycles a Flash device can withstand without failure. En- 
durance must be measured under the worst-case 
conditions of the system environment, in order to guar- 
antee products which operate across the range of data 
sheet specifications. 


Understanding endurance is essential for AMD, in order 
to manufacture superior Flash devices. Flash consum- 
ers must also understand the issues involved in 
achieving and guaranteeing endurance, so that they are 
assured of choosing the best devices on the market. In 
particular, consumers whose designs require extended 
endurance, i.e., more than 10,000 cycles, should be es- 
pecially concerned with these issues. 


Two failure modes are typically associated with Flash 
memories: hard failures and soft failures. Hard failures 
are complete and unrecoverable, and their root cause 
lies in the manufacturing process. Closely controlled 
manufacturing processes eliminate hard failures in 
AMD's Flash devices, increasing the level of device 
quality and reliability. | 


Flash memory endurance is typically limited by soft fail- 
ures. Soft failures occur when random bits erase too 


quickly. Flash memories are erased in blocks, and since 
not all bits exhibit identical erase characteristics, a fast- 
erasing bit must be exposed to the erase voltage until 
the slowest bit is erased. As a result, the fast bits can be 
erased “too much,” forcing the transistor cells into deple- 
tion mode. This condition is called over-erase. An 
over-erased bit produces a leakage current which 
causes anentire column to malfunction. The result seen 
by the user is a system failure. 


AMD’s Embedded Algorithm: The Key to 
Extended Endurance 


The soft failures described above occur in all Flash 
memories. These failures are precisely the reason that 
today’s Flash devices are currently limited to 10,000 cy- 
cles. Applications which perform more than 10,000 — 
write/erase cycles may jeopardize system reliability if 
standard rated 10,000 cycle Flash devices are de- 
signed in. 


Now, Advanced Micro Devices makes extended endur- 
ance Flash applications possible with the introduction of 
the Embedded Program and Embedded Erase Algo- 
rithms. AMD’s Embedded Algorithm incorporates a 
function which seeks out and corrects soft failures, al- 
lowing these .devices to be guaranteed for 700,000 
write/erase cycles (actual device performance may be 
orders of magnitude greater). The Embedded Algorithm 
extends endurance by automatically recovering over- 
erased bits, making soft failures transparent to the 
system. Flash devices that do not support these algo- 
rithms are incapable of recovering soft failures; thus, 
they cannot guarantee 100,000 write/erase cycle endur- 
ance. Only AMD offers this self-correcting mechanism 
that makes extended endurance Flash applications 
possible. 


Failure Rate Comparison 


Figure 1 illustrates AMD's significant endurance advan- 
tage over other standard rated 10,000 cycle Flash 
products. The graph shows that the endurance of 
AMD’s 100,000 cycle Embedded Algorithm devices rep- 
resent a significant breakthrough in Flash endurance, 
as illustrated by the nearly flat failure rate curve. 
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-Range of Write/Erase Cycles Required By Typical Applications. 
Figure 1. Failure Rate Comparison: 
Standard Rated 10K Cycle Flash Product vs. AMD 100K Rated Product 
AMD’s Embedded Algorithm devices represent a signifi- endurance failure rate at 100,000 cycles for AMD’s Em- 
cant technology advancement in Flash endurance. bedded Algorithm devices is less than 0.25%. | 


Test results prove that AMD’s Flash technology pro- 
duces superior endurance. As Table 1 shows, the 


Table 1. AMD Embedded Algorithm Endurance Data 


pevice | tote | ay [vox [25K [sok [100K 


Am28F010A | 1159 0/1159 0/445 0/445 - 1/445 
Am28F020A 2/420 1/418 0/248 0/248 
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Endurance and Reliability 


Endurance and reliability are equally important issues, 
though not exactly synonymous. Reliability refers to the 
absence of hard failure mechanisms, which can be 
eliminated during processing. AMD’s Flash manufactur- 
ing processes are carefully controlled to produce 
products with immunity from hard failures. Endurance, 
as discussed earlier, relates to the occurrence of soft 
failures. AMD's Embedded Algorithm guarantees supe- 
rior endurance by correcting soft failures in-system. 


AMD understands that from a customer's perspective, 
all failures are unacceptable, regardless of their cause. 
For this reason, AMD’s Flash devices combine unsur- 
passed reliability and endurance for protection against 
hard failures as well as soft failures. Reliability tests 


show that AMD's Flash process technology provides 
unmatched immunity from hard failures: less than 10 
FITs on both High Temperature Operating Life (HTOL, 
150°C, Vcc = 6.5 V) and Data Retention Bake (DRB, 
150°C, unbiased) using the 60% UCL calculation 
at 55°C. 


Reliability data also prove that AMD’s unparalleled en- 
durance is achieved without sacrificing reliability. HTOL 
and DRB reliability tests were performed on the same 
Embedded Algorithm devices that had been cycled 
100,000 times. Table 2 shows that even after 100,000 
cycles, there were NO reliability failures. Flash endur- 
ance and reliability are two distinct and important 
issues, andthe data proves that AMD is superior in both. 


Table 2a. Unbiased DRB @ 150°C after 100,000 Write/Erase Cycles 









168Hrs_| 500 Hrs | 1000 Hrs_ 
Am28F010A 0/100 0/100 o00 | o/100 


Table 2b. HTOL Reliability Results @ 6.5 V Vcc, 150°C after 100,000 
Write/Erase Cycles 











AMD is the technology leader in Flash memories. At the 
10,000 cycle level, AMD offers devices compatible with 
the industry standard. At the 100,000 cycle level, AMD’s 
Embedded Algorithm devices are unmatched in the in- 
dustry, truly guaranteeing 100,000 cycle endurance. 


Device 168 Hrs | 500 Hrs _ 1000 Hrs 


For leadership in higher endurance, reliability, and qual- 
ity in Flash memories, look to AMD: your Flash leader! 


For further information, please contact your local AMD 
sales representative. 
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Advanced Micro Devices’ Negative Gate Erase, 
5.0 V-only technology is the most cost-effective and reli- 
able approach to single-supply Flash memories. The in- 
novative approach AMD has taken to 5.0 V-only 
technology provides designed-in reliability that is equal 
to that of its 12.0 V devices. In fact, transistor oxides are 
not subjected to any voltages higherthanon AMD's 12.0 
V devices. This approach minimizes internal power gen- 
erating requirements which results in a negligible impact 
on die size because of the 5.0 V-only reprogramming 
. Capability. 


The minimal power requirement of AMD’s Negative 
Gate Erase, 5.0 V-only technology is made possible by 
design techniques which use the systems’ Vcc power 
supply to provide the 10-20 mA (peak) current for Band- 
to-Band tunneling. Erase operations are performed 
when the system Vcc voltage is applied to the source 
terminal and the gate is pumped to a negative voltage. 
Less than 10 pA of current is required on the gate to en- 
able Fowler-Nordheim tunneling. 


‘Negative Gate Erase uses the same mechanism to 
erase acellas the company’s 12.0 V devices. Program- 
ming operations are performed with positive voltage 
pumped on the gate terminal at less than 10 pA of cur- 
rent. Hot channel! electrons are injected into the nosing 
gate in the same manner as 12.0 V devices. 


The 5.0 V-only cell layout and geometry are comparable 
to the 12.0 V Flash memory cell. This ensures long term 
scalability equal to conventional 12.0 V flash designs 
without any penalty in die size. AMD added Dual Layer 
Metal (DLM) technology to implement its flexible sector 
erase architecture. AMD's unique sector isolation 
ensures reliable endurance cycling of at least 100K cy- 
cles for each sector whether erased individually or in 
combination. 


AMD's innovative charge pump design techniques allow 
this device to consume less power than 12.0 V devices 
during write operations. Approximately 90% charge 
pump efficiency is achieved with AMD’s unique diode V: 
cancellation techniques. In addition, the charge pump 


design minimizes noise and ripple associated with volt-. 


age conversion circuits. 


The culmination of these innovative design techniques 
makes this device ideal for power sensitive portable 
applications. 


Publication# 17127. Rev. A Amendment/O 
Issue Date: September 1993 


CHARGE PUMP CHARACTERISTICS— 
OVERVIEW 


Before discussing the details of AMD’s 5.0 V-only tech- 
nology it is helpful to review the basic concepts of 
charge pump design. These concepts apply to stand 
alone DC/DC converters as well as charge pumps inte- 
grated into the device silicon. All charge pump designs 
share common characteristics. For instance the avail- 
able current from a voltage pump is determined by the 
Zout ANd Vout Of the circuit. 


@ Zouis proportional to n/(C*F) 
— n=# of charge pump stages 
— C =capacitor size of each stage 
— F =clock rate 


@ Vout iS proportional to n + (Vcc — Vbiode) 


— n=#of charge pump stages 
— Vout = Device Vcc 


— Vbiode = voltage drop of charge pump blocking 


diode 


@ Noise is proportional to L - (di/dt) 
— L-=bond wire inductance 
— di/dt = rate of current change 


There are a number of issues to note about these 
relationships. 


The silicon area of the charge pump is determined by 
the product of n and C (number of stages times the ca- 
pacitor size). Efficient use of chip silicon requires this 
product to be as small as possible. 


The efficiency of the voltage generated by the pump cir- 
cuitry is increased as the effective voltage drop of the 
charge pump blocking diode is reduced (Vcc — Vbiode). 


The voltage available at the output of the pump (when 
current is drawn) increases when Zout decreases. Zout 
decreases as either nis reduced or the product C * F in- 
creases. In addition, once a given Zour is determined the 
values of C and F may vary in inverse proportion while 
maintaining the same product value. 


Noise generated by the charge pump is minimized with 
a lower F (when n-C is large). But as F decreases C 
must increase in order to keep the product C*F 


constant. 





Vout Zout 
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Charge Pump Model 


Negative Gate Erase Technology 


Negative Gate Erase is used for erase operations in or- 
der to minimize the current drawn from the erase charge 
pump. In order to illustrate the importance of this, it is 
beneficial to first describe how today’s 12.0 V Vpp Flash 
devices operate. Then conventional techniques of gen- 
erating 12.0 V from a5.0 V Vcc internally will be exam- 
ined before discussing the benefits of Negative 
Gate Erase. 


Today's 12.0 V Flash devices erase the memory cell at 
the Source terminal with 12.0 V applied. The gate is 
grounded and the drain is left floating. The external Vpp 
circuit supplies the Vpp current required for erase op- 
erations. This provides the 10-20 mA (peak) Banda-to- 
Band tunneling current along with the Fowler-Nordheim 
tunneling current required to remove charge off the 
floating gate. 


Conventional techniques in generating 12.0 V at the 
source terminal from a 5.0 V Vcc internal supply require 
huge charge pumps in order to supply the 10-20 mA 
(peak) of Band-to-Band tunneling current. This ap- 
proach requires significant silicon real estate (charge 
pump area = n"C) and consumes large amounts of 
power [(12.0 V * 30 mA) + Efficiency => 360 mW). 


Multiple transistor EEPROM 5.0 V-only technology uses 
charge pumps to internally raise the gate voltages to be- 
tween 18 and 20 V at < 10 HA. A multiple transistor ap- 
proach requires one and a haif to twice the silicon real 
estate as single-transister approaches. Both conven- 
tional 12.0 V Flash and AMD’s 5.0 V-only technology 
produce approximately half the electric field on the tun- 
nel oxide as with EEPROM technology. The lower tun- 
nel oxide fields extend the life of the oxide by orders of 
magnitude. In addition, EEPROM technology imple- 
ments uniform channel tunneling instead of source-side 
tunneling as with conventional 12.0 V and AMD’s 5.0 V- 
only technology. Uniform channel tunneling stresses 
the entire oxide region while source-side tunneling only 
stresses a small region of the oxide. 


AMD's Negative Gate Erase technique actually pro- 
vides the same electric fields to the Flash memory cell 
and uses the same erase mechanisms as its 12.0 V 
Flash devices. Negative Gate Erase is used in order to 
reduce the current drawn from the erase charge pump. 
The Band-to-Band tunneling current (10-20 mA peak) 
comes directly from the system Vcc through the Array 
Ground terminal. This is the most efficient way to use an 
existing system Vcc supply. The current required from 
the Negative Gate Erase charge pump is less than 
10 pA at -10.5 V. This reduces the internal power con- 
sumption in relation to conventional 12.0 V approaches. 


A circuit diagram of Negative Gate Erase is illustrated 
below. 


Bit Line 


“10.5 V 





Array “Ground” 
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5.0 V-Only Negative Gate Erase Circuitry 


Notes: 
1. Gate terminal is pumped to -10.5 V @ <10 mA current 


2. 10 mA- 20 mA (peak) erase current is provided to the 


Source terminal by the system's Vcc supply 
Key: 
D = Drain terminal 
G = Gate terminal 
S = Source terminal 
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9.0 V-only Programming 


AMD's 5.0 V-only programming technique provides the 
same electric fields to the memory cell and uses the 
same programming mechanisms as its 12.0 V Flash de- 
vices. The drain is pumped to 6.7 V from 5.0 V and sup- 
plies approximately 0.5 mA of current per cell. The 
internal power generation required for the Channel Hot 
Electron injection mechanism is minimized because the 
charge pump only delivers a 34% voltage increase from 
the base Vcc supply. This also provides the benefit that 
the cell’s programming characteristics remain constant 
even if the system Vcc supply varies. This current sup- 
plies the Channel Hot Electrons that are injected into the 
floating gate in order to program the memory cell. The 
current required by the gate voltage charge pumpis less 
than 10 A. This minimizes internal power consumption. 


A circuit diagram of the programming circuitry is illus- 
trated below. 





Bit Line 
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5.0 V-only Drain Programming 


Notes: 
1. Gate terminal is pumped to +10.5 V@ < 10 mA current 


2. Drain terminal is pumped to 6.7 V from 5.Q V Vcc supply 
@05mA | 


AMD’s 5.0 V-ONLY DEVICE EQUALS THE 
RELIABILITY OF 12.0 V DEVICES 


Equivalent Electric Fields Charge Pump 
Circuitry 


One component of device reliability is related to the 
electric fields applied across internal device transistors. 
Very high electric fields may cause oxide breakdown 
and hence reliability problems. One of the main design 
and reliability requirements in AMD’s 5.0 V-only circuit 
implementation was the maintenance of electric fields 
across the charge pump oxides equivalent to those of 
the oxides subject to high voltage in the 12.0 V device. 
AMD's techniques minimize the electric fields across 
the oxides to be equivalent to those across the device 
transistor oxides during standard Read operations of 
the 12.0 V device. This ensures that the 5.0 V-only de- 
sign will not be more susceptible to oxide failures than 
12.0 V devices. There has never been any physical 
damage to an oxide from the high voltages internal to 
AMD's 12.0 V Flash device. 


One way to maintain low electric fields across transistor 
oxides is to stack multiple capacitors together. This cir- 
cuit technique delivers a large output voltage while 
maintaining low electric fields across each oxide. As an 
example, with an oxide that is able to reliably withstand 
voltages of 10 V, acircuit can be constructed to provide 
20 V by stacking (in series) two capacitors with 10 V 
across each oxide. This circuit ensures that the electric 
fields remain within the specified limits. 


10V 10V 
+) -—o 20V 
C1 C2 
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Capacitors Charge Pump Model 


Memory Cell Circuitry 


It is important to note that the electric fields applied to 
the data storage memory cells of the 5.0 V-only device 
are the same as that of the 12.0 V device. This ensures 
that the 5.0 V-only design will not be more susceptible to 
oxide failures than 12.0 V devices. An observable meas- 
ure that the electric fields are indeed the same is found 
in the erase time parameter. Erase time depends upon 
the electric field across the floating gate and the thick- 
ness of the tunnel oxide (Tox ). Tox and the erase time 
of the 5.0 V-only device are the same as in the 12.0 V 
device. Therefore the electric field is the same in both 
devices. 
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The electric fields of the 5.0 V circuit are also demon- 
strated by analyzing the coupling ratios in the memory 
cell transistor. However, it is first beneficial to discuss 
the coupling ratios of standard 12.0 V Flash circuitry. We 
will use the erase circuit as an example. The same con- 
cepts apply to the programming circuitry. 


Electric Fields in Standard 12.0 V Vpp 
Erase Circuits 


The standard Flash memory cell applies 12.0 V to the 
Source terminal. The Gate terminal is grounded and the 
drain is left floating. The actual electric field seen by the 
tunnel oxide is a superposition of three components. 
One is because the field generated by the trapped elec- 
trons on the floating gate. This is the state of a pro- 
grammed memory cell prior to erase. The other two 
result from coupling of the voltage between the word line 
(Gate terminal)/floating gate and between the source 
terminal/ floating gate. In the case of standard 12.0 V 
Vpp programming, the only component from the voltage 
coupling is between the source terminal and the floating 
gate. There is no coupling from the word line because it 
is at a zero voltage potential. The resulting electric field 
never exceeds a peak value of 10 mV/cm. 


Bit Line 
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Standard 12.0 V Vep Erase 


Notes: 


1. Tunnel oxide (Tox) electric field is determined by super- 
position. 

- Floating Gate Voltage from stored electrons reduces 
voltage across Tox 

— Source Coupling Voltage on the floating gate 
reduces the voltage across the Tox 


2. Total electric field across Tox due to superposition is 
<10 mV/em. 


Equivalent Electric Fields in AMD’s 
5.0 V-only Negative Gate Erase Ciruitry 


AMD's Negative Gate Erase circuitry applies the same 
electric fields to the memory cell as the 12.0 V device. | 
The Gate terminal is negatively pumped to —10.5 V and 
the source terminal is at 5.0 V supplied by the system 
Vcc supply. The drain terminal is left floating. The actual 
electric field seen by the tunnel oxide is a superposition 
of three components. One is due to the field generated 
by the trapped electrons on the floating gate. This is the 
state of a programmed memory cell prior to erase. The 
other two result from coupling of the voltage between 
the word line (Gate terminal)/ floating gate and between 
the source terminal/ floating gate. This time there is volt- 
age coupling from both the Source terminal and word 
line. The resulting electric field is the same as in the 
12.0 V device. The electric field is always < 10 mV/cm. 


In addition, the Negative Gate Erase approach actually 
produces a lower electric field across the cell junctions. 
This is because the source terminal is subjected to 5.0 V 
levels instead of 12.0 V. 





Bit Line 
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5.0 V-only Negative Gate Erase 
Notes: 
1. Tunnel oxide Tox electric fields determined by 
superposition. 
— Floating Gate Voltage from stored electrons reduces 
the voltage across the Tox 
~- Gate Coupling Voltage on the floating gate reduces 
the voltage across the Tox 
— Source Coupling Voltage on the floating gate 
reduces the voltage across the Tox 


2. Total electric field across the Tox due to superposition is 
< 10mV/em. 
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Ruggedized Programmability 


AMD's 5.0 V-only approach is designed not to be sensi- 
tive to variations in the system Vcc supply during pro- 
gramming operations. 


This is achieved by pumping the drain terminal to 6.7 V. 
The device actually compensates for any system level 
variations in the Vcc supply. During programming the 
word line is pumped to +10.5 V and the source terminal 
is grounded. These voltage conditions and resulting 
electric field are the same as in 12.0 V devices. 


Sector Write Protection 


AMD implements a Dual Layer Metal (DLM) bussing 
. technique in order to provide the most cost-effective and 
reliable method to individually isolate sectors during 
sector erase operations. This technique inhibits the 
presence of high voltage in non-addressed sectors from 
disturbing fixed data. Data in non-addressed sectors 
is isolated from all other sector program and erase 
operations. 
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MINIMIZING CHARGE PUMP NOISE AND 


VOLTAGE RIPPLE : 
Minimizing Noise 

AMD's charge pump circuitry minimizes noise with a 
multi-stage pump design. Each stage has the same 
clock rate but is out of phase with all other stages. The 
phase shifting minimizes potential noise from any of the 
individual pumps. This technique delivers avery smooth 
and constant source of power. A V-8 automobile engine 
serves as an excellent analogy. Each of the eight stages 
of the charge pump is 45° out of phase. Each packet of 
charge is delivered in a way to provide a smooth flow 
of current. 
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Troubleshooter’s Guide to Flash Software 


Implementation Issues 


Application Note 
by Amita Patel 


AMD has found that the vast majority of flash failures re- 
sult from software or Vep implementation issues. Over 
80% of Flash Customer Corrective Action Requests 
(CCARs) that we receive result from software imple- 
mentation errors. The balance of the Flash failures are 
due to Electrical Over Stress on the Vpp pin. In this appli- 
cation note, we will focus on the most common cause of 
software implementation failures. Please use this infor- 
mation to troubleshoot your Flash memory design. The 
intent of the information contained in this application 
note is to allow you to quickly resolve incorrect software 
implementation issues. In the majority of cases, the fol- 
lowing guidelines will enable you to identify and resolve 
the cause of failure. 


Types of Software Implementation Issues 


There are two types of Flash endurance cycling failures: 
hard failures and soft failures. Hard failures are un- 
recoverable and occur in Flash, EPROM, and EEPROM 
technologies where high voltages are generated in the 
peripheral circuitry. Closely controlled manufacturing 
processes, design techniques, and test methodologies 
are used to minimize hard failures in AMD's Flash de- 
vices. Soft failures are the dominant flash failure mode, 
and they are recoverable. Although hard failures do 
exist, the failure rate is orders of magnitude less than 
soft failures. 


The most common failures are soft failures that occur as 
a result of incorrect implementation of the program and 
erase algorithms. This document will address the follow- 
ing failures: over erase, incorrect implementation of the 
programming algorithm, and under erase. 


Over Erase 


There are three ways to detect over erase. First, over 
erase may Cause programmed bits to appear erased 
when Vcc is varied between 4.5 V and 5.5 V. Second, an 
over erased bit is usually detected during the succeed- 
ing programming cycle. This condition will manifest itself 
as an inability to program verify bits in-system during the 
programming. Finally, an extreme case of over erasure 
will result in the inability to read the manufacturing ID. 


Incorrect Implementation of the Programming 
Algorithm 


A programming algorithm failure results in incorrect 
data or inability to program the device. 
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Under Erase 


During the read operation an under erase failure will re- 
sult in the bits appearing programmed after they have 
been erased with an incorrect algorithm. 


All of the software implementation failures discussed 
within this document can be resolved by using AMD’s 
Embedded Algorithms. Over erase failures can be elimi- 
nated by AMD’s Embedded Algorithm devices, which in- 
sure correct implementation of both the program and 
erase algorithms. Programming algorithm implementa- 
tion failures can be eliminated by the on chip Embedded 
Algorithms that internally monitor the successful pro- 
gramming of all bytes. The under erase failure can be 
eliminated by the on chip Embedded Algorithms that in- 
ternally monitor the successful erasure of all bytes. 


AMD created the Embedded Algorithms to simplify the 
program and erase algorithms. The Embedded Algo- 
rithms were created with the program and erase algo- 
rithm firmware built on the chip. Therefore, Embedded 
Algorithms simplify algorithm implementation so that 
only an initial command sequence is necessary to initi- 
ate program or erase. By using the Toggle Bit or Data 
Polling bit, the program or erase algorithm can be moni- 
tored for completion. With AMD’s Embedded Algo- 
rithms, device level code generation is minimized, 
reducing overall system !evel code development and 
debug time. AMD’s Embedded Algorithms offer the 
most reliable solution for all firmware implementation 
issues! 


Over Erasure 


The primary cause of over erasure is incorrect erase al- 
gorithm implementation. An over-erased bit causes the 
internal circuitry of the device to read a programmed bit 
as if it were erased. 


How to Detect Over Erase 


@ Over erase results in failure to correctly read 
programmed bits in-system when Vcc is varied 
between 4.5 V and 5.5 V. 


@ Failure to verify during the program verify com- 
mand occurs when the device is over erased. 


@ Anextreme case of over erase will result in the 
inability to read the manufacturing ID. 
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Common Errors that Result in Over Erase 
Failure to Pre-Program the Device Before Erasure 


Flash devices require that all bytes be pre-programmed 
' before erase. There are two common software imple- 
mentation errors associated with the pre-programming 
step in the erase algorithm: 


B Ignoring implementation of the pre-program 
algorithm before erasing the entire array 


@ Pre-programming only a portion of the memory 
array (e.g., some users will only pre-program the 
address locations that will later be programmed 
with data) 


In either of these cases, some bits in the array will be 
programmed while other bits will remain erased. It is 
critical that all bytes be pre-programmed before erase 
since all bits in the array will see the same number of 
erase pulses during the erase operation. 


Recall, a Flash device programs a byte at atime. During 
the erase operation, the entire Flash array is erased ina 
bulk erase Flash device. Due to the nature of a bulk 
erase Flash device, all bytes in the array see the same 
number of erase pulses during an erase operation. Pre- 
programming of a Flash device is required before erase 
so that all bits in the array are in a tight distribution: By 
not pre-programming all bytes in the array, some bits 
may be in an erased state before erasing. These erased 
bits when exposed to additional erase pulses can be 
driven into an over erased state. An over erased bit 
causes the internal circuitry of the device to read some 
programmed bits as erased. 


Therefore, it is important that all address locations be 
pre-programmed before erase. For more information on 
other common program implementation errors please 
refer to the “Incorrect Implementation of the Program- 
ming Algorithm” section of this document. 


Failure to Implement Program Verify Correctly In 
the Pre-Program Algorithm 


Flash devices require that the every byte in the memory 
array is program verified in the pre-program algorithm 
before erasing the device. There are two common soft- 
ware implementation errors associated with program 
verifying in the pre-program portion of the erase 
algorithm. 


@ Ignoring implementation of program verify in the 
pre-program algorithm. 7 


@ Program verifying only a portion of the memory 
array in the pre-program algorithm. 
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In either of these cases, some bits in the array will be 
programmed, while other bits will not be programmed. 
Since all bits in the array will see the same number of 
erase pulses during the erase operation, it is critical that 
all bytes in the memory array are program verified to as- 
sure complete programming of the memory array before 
erasure. 


Recall, a Flash device programs abyte at atime. During 
the erase operation, the entire Flash array is erased ina 
bulk erase Flash device. Due to the nature of a bulk 
erase Flash device, all bytes in the array see the same 
number of erase pulses during the erase operation. Pro- 
gram verify of all bytes in the memory array with the pro- 
gram verify command is necessary to assure that the 
entire memory array is pre-programmed before erasure. 
Pre-programming of a Flash device is required before 
erase so that all bits in the array are in tight distribution. 
By not program verifying all bytes in the array, some bits 
may be in an erased state before erasing. These erased 
bits when exposed to additional erase pulses can be 
driven into an over erased state. An over erased bit 
causes the internal circuitry of the device to read some 
programmed bits as erased. 


Therefore, it is important that all address locations are 
program verified using the program verify command 
during the pre-program portion of erase to assure com- 
plete pre-programming of the memory array before era- 
sure. For more information on other common program 
implementation errors please refer to the “Incorrect Im- 
plementation of the Programming Algorithm” section of 
this document. 


Issuing More Erase Pulses than Required 


Some customers will issue a fixed number of erase 
pulses to the Flash device. In other words, the erase ver- 
ify portion of the algorithm has been ignored until the 
memory array receives the fixed number of erase 
pulses. Therefore, the entire memory array may receive 
more erase pulses than required, causing the device to 
go into over erasure. Each byte must receive a sufficient 
number of erase pulses to ensure erasure without driv- 
ing the byte into over erase. The only way to ensure this 
is to continue to erase verify the memory array after 
each erase pulse and discontinue erase pulsing the de- 
vice once FFH data is verified in all address locations. 
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Exceeding the Erase Algorithm Time-Out 


Stop timers were created as a protection against erase 
pulses greater than 10 ms and failure to issue the erase 
verify command. The stop timer is a Safety feature that 
guards against one cause of over erasure. The current 
versions of the Am28F256 and Am28F512 do not have 
stoptimers. If an erase pulse is applied to either device 
for greater than the datasheet specified limit, the device 
will go into an over erase condition. For example, a 
Flash device receives a system interrupt during an 
erase pulse. The device will continue to erase and will 
be driven into an over erase condition. The new versions 
of the Am28F256 and Am28F512, which incorporate 
stoptimers, will be available in 2Q94. 


Parallel Erasure 


Over erase can occur during parallel erasure from incor- 
rectly masking multiple devices once they have been 
completely erased. For example, there are two devices 
in a system that will be erased in parallel. Device 1 
erases before device 2. Over erasure will occur on de- 
vice 1 if it is not masked correctly. For a more in-depth 
understanding of this scenario, please reference “Rec- 
ommended Parallel Programming Routine For Flash 
Memory Devices,” Appendix A. 


Successive Erase (20h) Commands to the Device 


The state machines on the current Am28F256, 
Am28F512, Am28F010, and Am28F020 devices do not 
require an erase-verify or Reset command to be exe- 
cuted before accepting the next erase command. An 
erase verify command is required following an erase 
command inthe Flasherase algorithm, but the state ma- 
chine in these devices does not require the erase verity 
command before accepting the next erase command. If 
a 20H pattern (Erase command) is written repeatedly to 
the Flash device, such as with the 80C196 micro-con- 
troller when powering up, the Flash will accept each 
erase command causing the device to go into an over 
erase condition. The state machine of these devices will 
be modified with improved protection on the 0.85 um 
process shrink versions of these devices as follows: 


Device Production Availability 
Am28F020 1Q94 
Am28F010 2094 
Am28F512 2Q94 
Am28F256 2Q94 


Incorrect Implementation of the 
Programming Algorithm 


The second most common cause of failures is incorrect 
implementation of the programming algorithm. 
How to Detect Programming Failures 


A programming algorithm failure results in incorrect 
data or inability to program the device. 


Common Errors that Result in Programming 
Failures 


Bypass Program Verify 


Every byte that has been programmed in a Flash device 
must be program verified on a byte by byte basis. It is 
incorrect to issue a fixed number of program pulses and 
to bypass program verify. Some customers issue a fixed 
number of program pulses and assume that the entire 
memory array has been programmed. Infact, some bits 
in the array will be programmed while other bits may still 
be erased. Therefore, program verify after each pro- 
gram pulse is required to guarantee complete byte pro- 
gramming on each byte that is programmed in the Flash 
device. 


Program Verify Only A Portion of the Memory 
Array 


By verifying only a portion of the memory array, the cus- 
tomer may believe he is reducing the programming time. 
By not program verifying each byte, some of the un- 
verified bytes will not be programmed. These bytes that 
were thought to be programmed, but are in fact not pro- 
grammed, will appear erased when read. 


Verifying with the Read Command 


The customer must implement the program verify com- 
mand after programming each byte. When the byte is 
verified with the program verify command, the device 
must produce valid data when each bit is subjected to a 
internal gate voltage of greater than 6.5 V. Therefore, 
marginally programmed bytes will fail verification and 
will be given another program pulse. 


If the byte is verified with the read command (00H or 
FFH), the voltage level of each bit would be compared to 
system Vcc, which may vary from 4.5 V to 5.5 V. There- 
fore, marginally programmed bytes may pass verifica- 
tion and fail in-system later when Vcc is greater than the 
Vcc voltage used during programming. 


Programming Voltage Out of Spec 


If the programming voltage is below the specified 11.4 V 
for Am28Fxxx devices, the device may require more 
than the number of program pulses specified in the algo- 
rithm. If the voltage is significantly lower than this value, 
the voltage may be too weak to generate the correct 
electric fields required for programming resulting in the 
inability to program. 


Incorrectly Implementing Parallel Programming 


Parallel programming issues generally occur when the 
devices are incorrectly masked. If a device, once it has 
been programmed, is masked incorrectly, the device 
may interpret the data as a command. Specifically, this 
will happen when the data to be programmed into a de- 
vice is any program set-up command code such as 
40H, 10H, or 50H. One common scenario occurs when 
the program data is 40H and the program and program 
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verify commands are correctly masked with FFH. Since 
the program data was not masked, the device recog- 
nizes it as the program command. Thus, the device initi- 
ates program and tries to program FFH into the address 
location. The datais not altered because FFHcan not be 
programmed into a device. The Flash device can only 
be programmed to a “0” data state and erased to a “1” 
data state. The system reads undefined/invalid data. If 
the system is reset the correct data at the address loca- 
tion will be read. 


Fora more detailed explanation of this scenario, please 
reference “Recommended Parallel Programming Rou- 
tine For Flash Memory Devices,” Appendix A. Although 
not detailed in the Appendix, two similar scenarios exist. 
These scenarios are listed below: 


m Ifthe program command is masked with FFH and 
both the program data (i.e., 40H) and program 
verify command are not masked with FFH, the 
device will program the program verify command 
(data=COH) into the address location. 


@ Ifthe program command and program verify com- 
mand is masked with 00H and the program data is 
not masked, the device will recognize OOH as data 
and program the address location with OOH. 


Under Erasure 


Another common Flash failure is under erase. Under 
erased bytes appear to be erased during the erase algo- 
rithm, but fail to read as erased in the read mode. Incor- 
rect implementation of the erase algorithm generally 
results in under erase. 


How to Detect Under Erase 


In the read mode, bytes that were erased will appear 
programmed. 
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Common Failures that Result in Under Erase 
Failures 


Failure to Issue the Erase Verify Command 


The erase verify command is used after each erase 
pulse to check if the array has been completely erased. 
If a customer fails to erase verify or erase verifies only a 
portion of the memory array, under erased bits may go 
undetected. Therefore, in the read mode partially 
erased bytes will appear programmed. Every byte 
within the memory array must be erase verified. Please 
note the byte address to be verified must be supplied 
with the erase-verify command. 


Verifying Erased Bytes with the Read Command 


The customer must implement the erase verify com- 
mand once the memory array has been given an erase 
pulse. When the byte is verified with the erase verify 
command, the device must produce valid data when 
each bit is subjected to an internal gate voltage of less 
than 3.5 V. Therefore, marginally erased bytes will fail 
verification and the memory array will be given another 
erase pulse. If the byte is verified with the read com- 
mand, the voltage level of each bit would be compared 
to the system Vcc, which may vary from 4.5 V to 5.5 V. 
Therefore, marginally erased bytes will pass verification 
yet may fail to read as erased during system operation. 


CCAR 


This document has been created to offer immediate as- 
sistance in understanding flash failures. For flash fait- 
ures that need further investigation, a CCAR should be 
filed. The CCAR, Customer Corrective Action Request, 
was designed to offer a method of device failure analy- 
sis for AMD customers. The AMD Field contact must 
complete a CCAR form and return it to the AMD corpo- 
rate quality contact. 
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CONCLUSION 


In conclusion, there are three failures addressed in this 
document: over erase failures, program algorithm im- 
plementation failures, and under erase failures. These 
failures combined constitute over 80% of all Flash fail- 
ures that AMD has seen in the CCAR process. The bal- 
ance of the Flash failures result from Electrical Over 
Stress on the Vpp pin. 


All of the software implementation failures discussed 
within this document can be resolved by using AMD's 
Embedded Algorithms. AMD created the Embedded 


Algorithms to simplify implementation of the program 
and erase operations. The Embedded Algorithms were 
created with the program and erase algorithm firmware 
built on the chip. Therefore, Embedded Algorithms sim- 
plify the algorithm implementation so that only an initial 
command sequence is necessary to initiate program or 
erase. By using the Toggle Bit or Data Polling bit, the 
program or erase algorithm can be monitored for 


- completion. With AMD’s Embedded Algorithms, device 


level code generation is minimized, reducing overall 
system level code development and debug time. 
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APPENDIX A 





at 


Recommended Parallel Programming Routine 


For Flash Memory Devices 
a 
WE OE WE OE 
Upper Byte Lower Byte 


8-bit 8-bit 


Recently, there has been some questions regarding a 
specific situation that may occur during parallel pro- 
gramming. Some customers have found difficulties un- 
derstanding the data sheet specifications on how to 
mask off a parallel programmed device from one 
requiring more programming pulses. Specifically, the 
difficulty arises when the customer’s data is equivalent 
to the program set-up code, 40H. 










Description of Scenario 
The following conditions must exists: 


1. The customer’s data is equivalent to the 


rogqrammi - : 
progra ng set-up code 18938A-1 


2. One device requires more programming pulses 16-Bit 


than the other to be programmed. Figure 1. Parallel Programming Example 


Below is an example of two devices in parallel where 
one device is considered the Upper Byte of the word and 
the other device is the Lower Byte of the word. Assume 
that the WE pins are tied together and CE pins are tied 
together to obtain the word configuration (see Figure 1). 


Table 1. Flash Parallel Programming Scenario 


Upper Lower 
Programming Routine Byte Byte Comments 


3) Verily SN 


4) Verified Data eae 


40H 
5) Program Set-Up FFH 


Upper Byte has valid data. Lower Byte 
requires another programming pulse. 


Upper Byte intended to be masked by FFH; however, 
masking actually requires two bus cycles of FFH. Lower 
Byte receives program set-up command. 

Customer believes that the Upper Byte device is masked 


and that the programming operation has been safely aborted. 
Actually, the Upper Byte receives a program set-up command. 


7) Program Verify FER C Upper Byte intended to be masked, but actually programs data 
Pe y 
of FFH. 
2?H 


OH 
8) Verified Data ? XXH Upper Byte undefined because programming operation tried to 


6) Program Data 


program FFH data, to an erased data state, to the device. 
Lower Byte verified. 





- As shown in Table 1, the customer will experience diffi- 
culty reading the verified data from the Upper Byte de- 
vice. Further confusing the situation in the above 
example, the customer would read correct data on both 


devices if the system was reset since FFH data did not 
alter the original programmed data on the Upper Byte 
device. 
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Solution 


Reset into the read mode is a two bus cycle command, 
where FFH must be written for each cycle. To correctly 
mask the Upper Byte device, the customer should mask 
the program data in a second cycle at step 6 in Table 1. 
Effectively, this resets the Upper Byte device. Thus, the 
best means to protect against this situation is to mask 
the programmed byte with FFH in the parallel device 
programming subroutine. This is simply implemented as 
follows: 


@ Initialize FD=PDW in Figure 2, “Parallel Device 
Programming Flow Chart” 


@ If FMD=VDAT then set FD=FFXXH in Figure 3, 
“Parallel Device Programming Subroutine” 


By using the subroutines, the user will not face the cir- 
cumstance in step 8, Table 1. The superior solution for 
our Customers is the Embedded Program and Embed- 
ded Erase Algorithms. With AMD's Embedded Algo- 
rithms, the customer need only give the proper 
command and data to multiple devices concurrently and 
the devices will program or erase independently, but in 
parallel. 


Causes of Increased Programming Pulses 


Although AMD specifies a maximum of 25 programming 
pulses to program a Flash device, one can typically pro- 
gram the devices within one programming pulse. Lot to 
lot process variance of die, charge trapping in the tunnel 
oxide towards the high end of the endurance life, and a 
below specification Vpp voltage are all factors that can 
Cause devices to require additional programming 
pulses. 


It is important to note that when the device reaches the 
higher end of its endurance capability, it becomes more 
susceptible to charge trapping in the tunnel oxide layer, 
increasing the number of programming and erasure 
pulses required to program or erase the device. There- 
fore, the better the device endurance capability the less 
likely the customer will experience the charge trapping 
mechanism. Thus, once again it is to the customer's ad- 
vantage to use AMD’s Embedded Algorithm devices 
with a 100K write cycles of endurance minimum. 


Verification of the Correct Parallel 
Programming Routine 


Many customers may wonder whether their parallel pro- 
gramming routine has been implemented correctly. A 
recommended method for verification is to set Vep to a 
low voltage of 11.4 V. The customer will see an increase 
in programming pulses and must implement the soft- 
ware fix to the parallel programming routine. If the de- 
vices have been programmed correctly then no further 
software changes must be implemented. 


Summary 


Systems using Flash devices may encounter the paral- 
lel programming issue described on the previous pages 
when data being programmed is equivalent to the pro- 
gram set-up code, 40H, and there is an inconsistency in 
programming pulses required to program separate de- 
vices. It can be quickly remedied by a simple fix to the 
parallel programming subroutine or by using AMD's 
Embedded Algorithm devices. 
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Devices 


Initialization: 



















PGM = 4040H 
VFY = COCOH 
VDAT = PDW 


FD = PDW 


| 
N 
Write Read 
Command 
Programming 
Complete 















Parallel Device 
Verify and Mask 
Subroutine 





Inc PLSCNT = 25? 
Y 


Write Read 
Command 
Programming 
Error 


18938A-2 
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Activity 


Allow Vpp to stabilize. 


PLSCNT = Pulse Counter. 


ADDRS = Word Address to program. 
PDW = Data Word to program. 


Initialize Programming Variables: 
PGM = Program command 

VFY = Program-Verify command 
VDAT = Valid Data 

FD = Flash Data 


xxxx = Address do not care. 
Write Program Set-Up command. 


Appropriate address and data for programming. 
Duration of programming pulse. 


Program-Verify command terminates the programming pulse. 


Internal margin verify voltages are tapped from external 12 V 
Vpp.for proper byte verfication. 


Read from previously latched address. FMD = Flash 
Memory Data. 


See Parallel Device Programming subroutine. Each device 

is independently verified. The Program command is masked 

by the Reset command (FFH) for all devices that are completely 
programmed. Please see note on next page. 


Compare Flash Memory Data to valid word data. If verified, 
reset PLSCNT and get next address and data word for 
programming. If invalid, increment pulse counter. If not last 
pulse, compare high order byte device and low order byte 
device for valid data. 


Reset devices for read operation. 


VppeL deactivates command register. Device is in Read Only 
Mode. 


Figure 2. Parallel Device Programming Flow Chart 
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Begin Subroutine 


High Order Byte 
FMD = VDAT? 


Y 












Low Order Byte 
FMD = VDAT? 



















PGM = FF40h PGM = 40FFH 
VFY = FFCOH VFY = COFFH 
FD = FFXXH 
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Return to 
Subroutine 





Notes: 


This Subroutine verifies the high order and low order 
bytes independently. If either byte verifies, all commands 
are masked from that device. 


The program command and program data are changed 
to a Reset command (FFH) and null data (FFH) 
respectively. Please see note below. 


The Program-Verfiy command is changed to a 
Read command (00H). 


1. During programming operations, FFH data is null condition. Only “0’s” can be programmed into Flash memory cells. 
2. Ifthe high order byte verifies, then that byte is masked from further Program/Program-Verify operations. The low order byte 


(LB) commands are not changed. 


3, Ifthe aloworder byte verifies, then that byte is masked from further Program/Program-Verify operations. The high order byte 


(HB) commands are not changed. 


4, Although the Reset command (FFH) is recommended, the Read command (00H) will also mask any device from Program/ 


Program-Verify operations. 


Figure 3. Parallel Device Programming Subroutine 





3-22 Troubleshooter’s Guide to Flash Software Implementation Issues 


How to Design with Am29Fxxx 


Embedded Algorithm 


Application Note 
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This design note provides a general overview of the Embedded Algorithm and write operation status 
bits (DQ7—DQ3) that are incorporated in AMD’s Flash memory devices and discusses any system 
level implementation issues associated with them. The Am29F010, a 5.0 Volt-only 1 Mbit Flash 
device is used as an example. It is highly recommended that this design note be used with the 
Am29F010 datasheet. Please note that the details on write operation status bits (DQ7—DQ5) 
provided in this design note may also be used with the Am28F010A and Am28F020A flash devices. 





EMBEDDED PROGRAMMING OPERATION 


Overview 


The Am29F010 device is programmed on a byte per 
byte basis using a four bus cycle command sequence. 
Addresses are latched on the falling edge of WE or CE, 
whichever happens later. Data is latched on the rising 
edge of WE or CE, whichever happens first. The rising 
edge of WE (or CE) begins the programming operation. 
The Am29F010 device supports both WE or CE 


controlled write operations. Upon executing the Embed- 
ded Programming command sequence, the system is 
not required to provide further controls or timings. The 
device will automatically provide internally generated 
program pulses and verify the programmed cell margin. 
An Embedded Programming operation is completed 
when the data on DQ7 is equivalent to the data written, 
at which time the device returns to the read mode. The 
flowchart for Embedded Programming is shown below. 











increment Address 






Write Program Command Sequence 
(see below) 


Data Poll Device 


Last Address 
? 
Y 


es 
Programming Completed 









Program Command Sequence (Address/Command): 


















18929A-1 


Figure 1. Embedded Programming Flowchart 
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Implementation 


Addresses are latched on the falling edge of WE during 
the Embedded Program command execution. Hence 
the system is not required to keep the address stable 
during the entire Programming operation. However, 
once the device completes the Embedded Program- 
ming operation, it returns to the read mode and address 
is no longer latched. Therefore, the device requires that 
valid address to the device be supplied by the system at 
this particular instant of time. Otherwise, the system will 
never read valid data on DQ7. 


Asystem designer has two design alternatives to imple- 
ment the Embedded Programming Algorithm: 


@ The system may initiate the Data Polling operation 
immediately after the the Embedded Programming 
command sequence is written. 


Mm Once the system executes the Embedded 
Programming command sequence, the system 


Addresses 


WE 
tWPH 
tcs 


= (ion —() 
tps 

5.0V 

Notes: 


microprocessor may take away the address from the 
device and thus is free to perform other tasks. In this 
case, the system microprocessor is required to keep 
track of the valid address which can be done by load- 
ing the address into a temporary register or any 
memory location. When the system microprocessor 
comes back to perform the Data Polling operation, it 
should reassert the same address. 


However, since the Embedded Programming operation 
takes only 14-28 ys, it may be easier for the system mi- 
croprocessor to start the Data Polling operation imme- 
diately after it has written an Embedded Programming 
Command instead of coming back and reasserting the 
valid address during the Data Polling operation. The op- 
tion of either method is left to the system designer's 
choice. The following figure illustrates the timing dia- 
gram for the Embedded Programming operation. 


Data Polling 


yssssh PA RKXXMX PAX OM 
two tas tAH tRC 


Ben 


tDF 


OH 


tCE 
18929A-2 


1. PA is address of the memory location to be programmed. 

PD is data to be programmed at byte address. 

DQ7 is the output of the complement of the data written to the device. 
DoutT is the output of the data written to the device. 

Figure indicates last two bus cycles of four bus cycle sequence. 


A A © 


Figure 2. Embedded Programming Operation 
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EMBEDDED ERASE 


Overview 


When executing the Embedded Erase Algorithm com- 
mand sequence the device automatically will prepro- 
gram and verify the entire memory array for an all ‘zero’ 
data pattern prior to electrical erase. The system is not 
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required to provide any controls or timings during this 
operation. The automatic erase begins on the rising 
edge of the last WE pulse in the command sequence 
and terminates when the data on DQ7 is ‘1’. The 
flowchart for the Embedded Erase operation is 


- shown below. 












Chip Erase Command Sequence 
(Address/Command): 









Write Erase Command Sequence 
(see below) 


Data Polling or Toggle Bit 
Successfully Completed 


Erasure Completed 









Individual! Sector/Multiple Sector 
Erase Command Sequence 
(Address/Command): 


5555H/AAH 


2AAAH/S5H 


5555H/80H 


5555H/AAH 


2AAAH/55H 


Sector Address/30H 


Sector Address/30H Additional sector 


erase commands 
are optional 


Sector Address/30H 


18929A-3 


Figure 3. Embedded Erase Flowchart 
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implementation 


Similar to the Embedded Programming operation, once 
the device completes the Embedded Erase operation it 
returns to the read mode and addresses are no longer 
latched. Therefore, the device requires that a valid ad- 
dress input (sector address within any of the sectors be- 
ing erased) to the device be supplied by the system at 
this particular instant of time. Otherwise, the system will 
never read a “1” on the DQ7 bit. 


Asystem designer has two design alternatives to imple- 
ment the Embedded Erase Algorithm: 


M@ The system may initiate the Data Polling operation 
immediately after the Embedded Erase command 
sequence is written 


m Once the system executes the Embedded Erase 
command sequence,the system microprocessor 
takes away the address from the device and thus is 
free to perform other tasks. In this case, the system 
microprocessor is required to keep track of one of the 
valid sector addresses (sectors being erased) and 
when it comes back for performing the Data Polling 
operation, it should reassert the same address. 


Since the Embedded Erase operation takes a significant 
amount of time (typically 1 second), the second method 
would provide better system performance by freeing up 
the CPU for other system level tasks. The system can 
generate an interrupt on a regular interval to initiate the 
Data Polling operation to determine the status of the 
Embedded Erase operation. However, the choice of 
either option has been left to the system designer. 


For the chip erase operation, if the device does not in- 
clude any protected sectors, Data Polling may be per- 
formed at any address. When sectors are protected, 
Data Polling should be performed at any of the sector 
addresses which represent an unprotected sector. 


WRITE OPERATION STATUS BITS 


This section describes the operation of the Am29F010 
write operation status bits (DQ3-DQ7). This section 
also describes the timing diagrams for the Data Polling 
(DQ7) and Toggle Bit (DQ6) operation. 


DQ7-Data Polling 


- The Am29F010 device features the Data Polling opera- © 


tion as a method to indicate to the host system whether 
the Embedded Algorithms are in progress or completed. 
During the Embedded Program Algorithm, any attempt 
to read the device at address VA (Valid Address) will 


produce the compliment of the data last written to DQ7. 
Upon completion of the Embedded Program Algorithm, 
an attempt to read the device will produce the true data 
last written to DQ7. During the Embedded Erase Algo- 
rithm, an attempt to read the device will produce a “O” at 
the DQ7 output. Upon completion of the Embedded 
Erase Algorithm, an attempt to read the device will pro- 
duce a “1” at the DQ7 output. The flowchart for the Data 
Polling operation (DQ7) is shown below. 













Read Byte 
(DQ0-DQ7) 
Addr=VA 





Read Byte 
(DQ0-DQ7) 
Addr=VA 
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VA = Byte address for programming 
= Any of the sector addresses within the 
sector being erased during sector erase 
operation 
= XXXXH during chip erase 


Note: 
1. DQ7 is rechecked even if DQ5 = “1” because 
DQ7 may change simultaneously with DQS. 


Figure 4. DQ7—Data Polling Flowchart 
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Once the Embedded Algorithm operation is close to be- 
ing completed, the Am29F010 data’ pins: (DQ0-DQ7) 
may change asynchronously while the output enable 
(OE) is asserted low. This means that the device is driv- 
ing status information on DQ7 at one instant of time and 
then changing to the byte’s valid data at the next instant 
of time. Depending on when the system samples the 
DQ7 output, it may read the status or the valid data. 
Even if the device has completed the Embedded 


CH 


QO 
m 
O ‘ 
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operation and DQ7 has a valid data, the data outputs on 
DQ0-DQ6 may still be invalid since the switching time 
for the individual data bits (DQO0-DQ7) may not be the 
same. This is due to the fact that the internal delay paths 
for the individual data bits (DQ0—DQ7) are different. The 
valid data will be provided only after a certain time delay 
(<toe). This has been explained in the timing diagram 
shown below. 


, - 


WE {CE 
_ tOH 
[The pa7- rv\\_High 2 
D Sf Ihe 
tWHWH 1 or 2 . 
0-0 iC can coiwaiel RES) 
tOE 
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*DQ7=Valid Data (The device has completed the Embedded operation). 


Figure 5. DQ7—Data Polling Timing Diagram 
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DQ6—Toggle Bit 


The device also features a “Toggle Bit” operation as an- 
other method that indicates the status of the Embedded 
Algorithm operations to the host system. During an Em- 
bedded Algorithm Program or Erase cycle, successive 
attempts to read (toggling OE or CE) data from the 


device will result in DQ6 toggling between one and zero. 
Once the Embedded Algorithm Program or Erase cycle 
is completed, DQ6 will stop toggling and valid data on 
DQ0-DQ7 will be read on the next successive read at- 
tempt (OE going low). The flowchart for the Toggle Bit 
operation (DQ6) is shown below. 













Yes 
Fail 


Note: 


DQ6=Toggle 
? 


Read Byte 
(DQ0-DQ7) 
Addr=VA 






VA = Byte address for programming 


iDoo-Da7) = any of the sector addresses within the 
Addr=VA sector being erased during sector erase 
operation 
= XXXXH during chip erase 
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1. DQ6 is rechecked even if DQ5 = “1” because DQ6 may stop toggling at the same time as DQ5 changing to “1”. 


Figure 6. DQ6—Toggle Bit Flowchart 
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Please note that even if the device completes the Em- 
bedded Algorithm operation and DQ6 stops toggling, 
data bits DQ0—DQ7 may not be valid during the current 
bus cycle. This happens since the internal circuitry may 
be switching from a status mode to the read mode. 


tOEH 


(DQ0-DQ7) 


tOE 


Note: 


Data DQ6= — 
i DQ6=Toggle Le DQ6=Toggle Pe. Stop Toggling , eae 
tOH 


AMD at 


Since this time delay is always less than tOE (OE ac- 
cess time), the next successive read attempt (OE going 
low) will provide the valid data on DQO~DQ7. This has 
been explained in the timing diagram shown below. 
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*DQ6 stops toggling (The device has completed the Embedded operation). 


Figure 7. DQ6—Toggle Bit Timing. Diagram 


The Am29F010 provides the Data Polling (DQ7) and 
Toggle Bit (DQ6) operations as two alternatives to de- 
termine the write operation status. However, a system 
designer is free to perform the complete byte verification 
instead of implementing either of these two methods. 


DQ5—EXCEEDED TIMING LIMITS 


The Am29F010 willalso be able to indicate through DQ5 
if the program or erase time has exceeded the specified 
limits (internal pulse count). Under these conditions 
DQ5 will produce a “1”. This is a failure condition which 
indicates that either the program or erase cycle was not 
successfully completed. 


H@ Ifthis failure condition occurs during sector erase op- 
eration, it specifies that a particular sector is bad and 
it may not be reused; however, other sectors are still 
functional and may be used for the program or erase 
operation. To use other sectors, reset the device by 
writing the Reset command sequence and then exe- 
cuting the program or erase command sequence. 
This allows the system to continue to use other ac- 
tive sectors in the device. 


@ If this failure condition occurs during the chip erase 
operation, it indicates one of the following: 


~ The entire chip is bad and should not be reused 


— Oneor more sectors are bad. The system should 
be able to determine bad sectors by reading the 
DQ5 bit for individual sectors. 
if If this failure condition occurs during the Byte Pro- 
gramming operation, it specifies that the entire sec- 
tor containing that byte is bad and may not be 
reused. 


The DQ5 failure condition may also appear if auser tries 
to program a non-blank location without first erasing it. 
In this case, the device locks out and never completes 
the Embedded Algorithm operation. Hence the system 
never reads a valid data on DQ7 bit and DQ6 never 
stops toggling. Once the device exceeds timing limits 
(internal pulse counts), the DQ5 bit will indicate a “1”. 
Please note that this is not a device failure condition 
since the device was incorrectly used. Under this illegal 
condition, the system is required to reset the device by 
writing the Reset command sequence before the device 
can be used again. 


DQ@3—SECTOR ERASE COMMAND 
TIME-OUT FLAG | 


Overview 


Sector erase is a six bus cycle operation similar to that 
used by standard E2PROMS. There are two unlock write 
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cycles followed by writing the “set-up” command. Two 
more unlock write cycles are then followed by writing the 
sector erase command. On this sixth bus cycle, the 
sector address is latched on the falling edge of WE while 
the sector erase command (30h) is latched on the rising 
edge of WE. Multiple sectors may be erased by writing 
the above six bus cycle operations followed by subse- 
quent writes of sector erase commands to all other 
addresses inthe sectors that need to be erased concur- 
rently. The following is an example: 


7th Bus Cycle 
SA1/30H 


8th Bus Cycle 
SA2/30H 


9th Bus Cycle 
SA3/30H 


After the completion of the initial sector erase command 
sequence, the sector erase time-out of 100 ps will begin. 
Every time the system writes an additional sector erase 
command, the time-out window is reset. The device will 
indicate this time-out through the DQ3 bit. If the DQ3 
bitis high, the internally controlled erase cycle has 


begun. Any attempts to write additional commands to 
the device will be ignored until the erase operation is 
completed as indicated by Data Polling or Toggle Bit. If 
DQ3 is low, the sector erase timer window is still open 
and the device will accept additional sector erase com- 
mands provided that these additional sector erase com- 
mands are written within the 100 ps time-out window. 


Implementation 


Once the first sector erase command sequence is writ- 
ten and the sector erase time out has begun, the system 
software should read the status of DQ3 (at any address) 
prior to writing any sector erase command to determine 
whether the 100 ps time-out window is still open. The 
system software should also read the status of DQ3 fol- 
lowing each sector erase command to verify that the 
command has been accepted. 


DQ2—DQ0 
Reserved for the future use. 
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This application note describes the key features and system level benefits of using AMD's 
Am29F010, 5.0 V-only Sector Erase Flash Memory. It also explains how to use AMD's Am29F010 in 
an existing Intel Boot Block 28F010BX Flash based design and discusses the various hardware and 


software issues. 





BENEFITS OF AMD’S Am29F010 

m@ Since the Am29F010 is a 5.0 V-only device it elimi- 
nates the need for DC to DC converter circuitry to 
translate the system voltage level from 5.0 V to 
12.0 V, forwrite and erase operations. This simplifies 
the hardware design, results in reduced board 
space, and lowers the system cost by approximately 
$4.00 to $5.00. Please refer to Appendix B for DC/ 
DC converter circuitry required for 12 V flash device. 
5.0 V-only programming also reduces the total sys- 
tem level power consumption. Below is a summary 
of the system level power calculations for the 
Am29F010 vs. 12.0V Flash devices during 
reprogramming. 


Device Level Reprogramming Power Consumption 


Am29F010 12.0 V Flash Memory 


Vcc Power 


Vcc Power 
= 5.0 V (Vcc) 

x 30 mA {(Icc) © 
= 150 mW 


= 5.0 V (Vcc) 
x 50 mA (Icc) 
= 250 mW 





DC/DC Converter Reprogramming Power 
Consumption 


Am29F010 12.0 V Flash Memory 


Vpp Power Vep Power 
not required = 12.0 V (Vpp) 


x 30 mA (ipp) + 
DC to DC converter efficiency 
= 450 - 720 mW 





12.0V Flash memories require more system level 
power since 5.0 V to 12.0 V conversion circuitry is not 
100% efficient. The typical efficiency of the DC to DC 
converter is between 50% to 80%. 


Total System Level Power Consumption 
(Reprogramming) 

Flash Device {| DC/DC Total System 
Memory Type | Level Converter Level Power 
Am29F010 -{ 250mw]o ——s*t 250 mw 

12.0 V Flash 150 mW | 450 — 720 mW] 600 — 870 mW 
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The Am29F010 provides a minimum of 100,000 


write endurance cycles per sector. This kind of high 
endurance is especially important in the emerging 
markets of embedded Flash disks and removable 
memory cards. Typical endurance last well beyond 
the 100,000 cycle minimum. 


The 16 Kbyte sector erase architecture is another 
added advantage which is valued by many system 
designers. This feature provides the capability to se- 
lectively rewrite portions of the memory array while 
leaving the rest of the memory contents fixed. This 
architecture simplifies the design and debugging 
process by providing program modularity to the 
system. Individual sectors may also be hardware 
protected. 


The Am29F010 has an access time of as fast as 
45ns which will provide true 0 wait state perform- 
ance in very high speed designs. 


The device incorporates AMD's Embedded Algo- 
rithm which reduces software overhead for the sys- 
tem designer. It also increases system level 
performance since the CPU will be free to do other 
tasks during reprogramming operations. 


The device also incorporates several features to pre- 
vent inadvertent write cycles. 


— During power-up and power-down, write cycles 
are locked out when Vcc is less than 3.2 V 
(typically 3.7 V). Under these conditions, the 
command register is disabled and all internal 
program/verase circuits are disabled. 


~— The device ignores noise pulses or glitches of. 
less than 5 ns (typically) on control signals OE, 
CE and WE and will not initiate a write cycle. 


— During power-up of the device even with WE = 
CE = Vicand OE = Vin, the state machine will not 
accept commands on the rising edge of WE. The 
internal state machine is automatically reset to 
the read mode. 
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DESIGN-IN WITH AMD’S Am29F010 


Hardware Pin-Out Details 

The Am29F010 is available in 32-pin DIP/PLCC/TSOP 
packages. The pin-out is compatible with JEDEC 
standard 1 Mbit E7PROMs and also provides for easy 
upgrades to 4 Mbit densities. Below is the DIP pin-out for 
the AMD's Am29F010 and upcoming 4 Mbit 5.0 V-only, 
sector erase Flash memory device. 


The only differences in pin-out are Pin 1 and Pin 30 
which are NC in the Am29F010 pin-out and used as 
higher address lines A18 and A17 for the 4 Mbit Flash 
device. Asystem designer may design with a 1 Mbit part 
today and upgrade it with a 4 Mbit memory without any 
layout change in the board. 


In fact, Am29F010 may be also used as an ideal 
upgrade to a 28F010 Flash-based design without any 
layout change. The only difference between Am29F010 
and 28F010 pin-out is Pin 1 which is NC in Am29F010 
and used as Vpp pin for 28F010. 





AMD Am29F010 





AMD Am29F040 
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Figure 1 
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Replacing the 28F001BX with Am29F010 

By changing the software only, AMD's Am29F010 may 
be used to upgrade a system using Intel’s 12.0 V 
28F001BX, 1 Mbit boot block flash device to 5.0 V only 


AMD | 


operation. Please refer to Figure 2 for a pin-out 
comparison between the Am29F010 and_ the 
28F001BX. 





AMD Am29F010 





Intel 28F001BX 
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Figure 2 





Hardware Pin Out Comparison 
There are two differences in pin-out for AMD Am29F010 
and Intel 28F001BX: 


— The Am29F010 does not use Vpp (Pin 1) anditis not 
connected internally to the device. 


— Intel’s 28FO01BX has added pin PWD (Pin 30) to. 


support deep power-down mode. AMD’s Am29F010 
does not support the power-down function. 


Since Pin 1 and Pin 30 are NC for AMD's Am29F010, it 
is 100% hardware compatible with the 28F001BX Flash 
device and may be used as a drop in replacement if the 
power down function is not required. 


Software Command Structure 

AMD's Am29F010 uses the JEDEC standard 1 Mbit 
E?7PROM 5.0 V-only multicsequence command set. 
Please refer to Table 1 for Am29F010 command 
definitions. 
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Table 1. 
Am29F010 Bus Command Structure 


1st Bus 2nd Bus 3rd Bus 4th Bus 5th Bus 6th Bus 
Write Cycle Write Cycle | Write Cycle Write Cycle | Write Cycle | Write Cycle 


















Command 


These commands allow the user to program data on a Am29F010 and the 28F001BX, one command se- 
byte by byte basis and erase any combination of sectors quence may be used to determine whether the AMD or 
or even the entire device at once. Intel device is inthe system. The flow chart below shows 

. how to determine the device |.D. and then jump to the 
Common Device !.D. Command for AMD’s appropriate algorithm. 


Am29F010 and Intel’s 28F001BX 
Although the specific commands used to implement the 
program and erase algorithms are different betweenthe 







Read 
Manufacturer I.D. 





Use Am29F010 
Algorithm 








Use 28F001BX 
Algorithm 
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Figure 3 
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Table 2 details a common software sequence that 
allows the system to determine which device is on board 
and shows how to use the appropriate algorithm. 


Note that the sectoring differences between the two 
devices must be considered in the software design to 


AMD ci 


replace the 28F001BX with Am29F010. We have not 
discussed it in this application note since it is an 
application specific implementation. 


Table 2 






Embedded Algorithm — Write Operation 


Status 

The Am29F010 features Data Polling and Toggle Bit 
methods as ways to indicate to the host system when 
the Embedded Algorithms are in progress or completed. 
The status is available from the device once the 
Embedded Algorithm has begun. 


Data Polling: During the embedded operation, an 
attempt to read the device will produce complement 
data of the true data being written to DQ7. Once the 
embedded operation is completed, an attempt to read 
the device will produce the true data expected from the 
device. Uponthe completion of an Embedded Algorithm 
operation the device returns to the read mode. 


Toggle Bit: During and embedded operation, succes- 


sive attempts to read data from the device will result in 
DQ6 toggling between one and zero. Once the embed- 
ded operation is completed, DQ6 will stop toggling and 
valid data will be read. Upon completion of an Embed- 
ded Algorithm operation the device returns to the 
read mode. 


1st Bus Cycle 2nd Bus Cycle 3rd Bus Cycle 4th Bus Cycle 

(Write Cycle) (Write Cycle) (Write Cycle) (Write Cycle) 
| addr | pata | addr | pata | Ader | Data | addr | Data 
[sss | AAH | 2AAAH | 55H | s55sH | 90H | 0000H | Mig. LD. 


Unlock Unlock I.D. 

Cycle Cycle Command 

Ignored Ignored .D. 0089H 
Command 





Sector Architecture 

The AMD Am29F010 is a 1 Mbit Flash Memory device 
organized as 128K bytes of 8 bits each. It is divided into 
eight equal size sectors of 16K bytes each. Any 
combination of sectors can be individually or concur- 
rently erased. 


In addition, any combination of sectors or any individual 
sector may be write protected. Since the sector protect 
feature of the Am29F010 requires 12.0 V, it is typically 
done by using the external programming equipment at 
the user's site. Alternatively, AMD will program and 
protect the sectors as desired prior to shipment. In the 
protect mode, any individual sector may be selected. 
Protected sectors may also be unprotected if it is 


— desired. Please refer to the data sheet for more details 


on sector protection and unprotection. 


The fully-sectored architecture of the Am29F010 pro- 
vides a system designer a much higher degree of design 
flexibility. It also simplifies the design and debugging 
process by permitting a system designer to erase a 
single sector only during code modification. This 
reduces the development cycle and results in shorter 
time to market. 
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Comparison Chart Am29F010 and 28F001BX 


Features 


Density 

Architecture 
Sector/Block size | 
Automatic Algorithm 
Power Supply 

Standby Mode 

Deep Power Down Mode 
Sector Protect 

Sector Unprotect 

Write Operation Status 
Chip Erase Time 

Chip Program Time 
Erase Suspend 


Power Consumption 
(Programming) 


Fastest Speed 


Inadvertent Write 
Protect 


Package 


JEDEC Pin Out 


AMD Am29F010 


128 Kbyte 
Fully Sectored 
16 Kbyte 

Yes 

5.0 V only 
Yes 

No 

All Sectors 
Yes 

Data Polling, Toggle Bit 
1 second 

3 seconds 

No 

250 mW 


45 ns 


No write for Vec<VLKo 

5 ns glitches ignored 

Read mode during Power up 
Four/Six bus cycle software 
command 


32-Pin DIP/PLCC/TSOP 
Easy upgrade to 4Mbit 


Yes 


Intel 28F001BX 


128 Kbyte 

Block based 
8,4,4&112 KByte 
Yes 

5.0 V/12.0 V 

Yes | 

Yes 

Only Boot Block 
Yes 

Status Register 
10.10 seconds 
2.39 seconds 

Yes 

600 mW — 870 mW 


120 ns 


No write for Vep<VLko 
Two bus cycle software 
command 


32-Pin DIP/PLCC/LCC & TSOP 
No upgrade path 
PWD Pin not defined 





Endurance 100,000 cycles mininum 10,000 cycles minimum 
per sector : | 
3-36 General Information and Application Notes 


ee 22-1) 4: 





pa 


12.0 Volt Flash Memory Vpp Generation Circuitry 





Lit 
33 pH MBRS130T3 





VouT 
12V 
80 mA 









+VIN 


5 SENSE 


VIN 





LT1109CS8-12** 


oe 


Tl 20 uF* 


i 





SHUTDOWN 
GND 


SHUTDOWN 4 PROGRAM 










17097A-4 
*L1= SUMIDA CD54-330N (708-956-0666) 
*Hilton CSTDD226MO016TC (813-371-2600) 
**Use LT1109A for 120 mA Output (Consult LTC Factory) 
Figure 4 
+5 V 
18 nH 





V+ 


SHUTDOWN 


+12 Vt4% 
@120mA 









VPP 
Programming Control 
(Direct from Microprocessor) 








MAXIM 
MAX732 


~1N5817 


5000 pF 


t 
nee 


17097A-5 


Figure 5 
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Reprogrammable Flash BIOS Design 


Using AMD’s Am29F010 


Application Note 
by Kumar Prabhat 
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This application note describes the general overview and various system level issues for a repro- 
grammable Flash BIOS design. Any system designer, whether notebook or desktop system, will 
benefit from this discussion. This application note also describes the AMD Am29F010 5.0 ne 
sector erase part and why it is an ideal choice for a reprogrammable BIOS design. 





INTRODUCTION TO BIOS 

Every individual computer system consists of three 
basic blocks—Hardware, Hardware Specific Firmware 
commonly named BIOS and System Software. 


Application 
Software 


Operating 
System S/W 
(DOS, OS/2, UNIX) 


Firmware 
(Specific to H/W) 
Known as BIOS 


Hardware 
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BIOS is ahardware dependent software normally stored 
in an EPROM, which provides an interface between 
specific hardware and system software. It interfaces 
with various hardware components like core logic chip- 
set, graphics controller, the keyboard and disk drive. 
Any application software and operating system software 
(i.e., DOS, OS/2 and UNIX) runs above it and uses vari- 
ous BIOS procedures. IBM has defined various BIOS 
procedures to control specific peripheral functions. 
Some of them are mentioned as follows: 


INT 13H Disk Drive Control 

INT 17H — Printer Control 

INT 10H = VGA Control 

INT 16H Keyboard Control 

INT 14H Serial Communication Control 
3-38 


To use the BIOS procedure you load the parameters re- 
quired by the procedure and then execute the INT# in- 
struction that accesses that procedure. For example, 
you can use the BIOS INT 10H procedure for 15 differ- 
ent functions related to the CRT display. Some of these 
functions are: set display mode, set color palette, write 
dot and write character to screen. You specify the func- 
tion you want by loading the number for that function in 
the AH register before executing the INT 10H 
instruction. 


All of the 80X86 procedures boot up from the BIOS lo- 
cated at the very top of the 1 Mbyte memory map which 
is FOOOOH - FFFFFH. In addition 64K bytes of space ly- 
ing in the address range EQQ0O0H — EFFFFH is provided 
for any BIOS extension. 


The BIOS also contains various initialization routines to 
initialize system components like the serial port, DMA 
Controller and Interrupt Controller. During power-on it 
does the Power On Self Test (POST) routines. It also 
checks for basic system RAM functionality. ifthe system 
passes the RAM functionality, the BIOS will copy itself to 
the top 64K byte area of 1 Mbyte main memory. This is 
known as shadowing BIOS which improves the system 
performance since the BIOS code is run at DRAM 
speeds instead of slower ROM speeds. 


WHY THE NEED FOR 
REPROGRAMMABLE BIOS 

The concept of a personal computer is changing rapidly 
as technology progresses. Yesterday’s high-end sys- 
tems are becoming today’s standard platforms and new 
technologies have brought enhanced system capabili- 
ties into the user’s hands. The fastest growing segments 
of the computer market are in Notebooks and other port- 
able PCs. Increasing demands for sophisticated hard- 
ware and intelligent power saving algorithms have 
increased the complexity of BIOS code. In the desktop 
computers area, the enhanced support of Ethernet/ 
SCSI Controller on the PC motherboard also increases 
the need for BIOS modifications to support sophisti- 
cated peripherals. On the high-end, EISA systems need 
to store hardware specific configurations which are tra- 
ditionally stored in battery-backed-up SRAMs. Today's 
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PC BIOS is no longer a standard product except for the 
basic 64K byte compatibility portion. The remaining 64K 
byte area has a significant potential to change with the 
addition of Power Management software and new setup 
utilities. To summarize, we see the potential change in 
BIOS code at every stage of manufacturing like design, 
debugging, testing and production. Code modifications 
with EPROMs do not provide a cost effective and timely 
solution since a UV Eraser and a separate EPROM pro- 
grammer are required. 


Flash Memories offer a superior solution for this kind of 
application. Code prototyping time is significantly re- 
duced because Flash Memories can be updated with 
new code in a manner of seconds while still in the sys- 
tem. Board level diagnostics, final system test, and cus- 
tomer specific configuration code can all be 
down-loaded into the Flash memory electrically on the 
assembly line. Devices may be soldered directly to the 
system board. This reduces the cost associated withthe 
BIOS socket and also eliminates the need to disassem- 
ble the system and replace socketed devices. More- 
over, it will remove the prohibitive costs associated with 
afield service call. When updates to system code or sys- 
tem reconfiguration is necessary, these costly service 
calls may be replaced with remote updates or by distrib- 
uting floppy disks with new data. 


AMD FLASH MEMORY 

This section provides a brief overview of AMD’s 5.0 V- 
only Flash memory and in particular, AMD's Am29F010 
5 V-only, Sector Erase part. 


AMD’s 5.0 Volt-only Flash Memory 
Technology 


This section illustrates the fundamentals of AMD’s Flash 
Memory Technology. AMD's Flash memory technology 
is very similar to that of our UV EPROM. The main differ- 
ence is associated with the Fowler-Nordheim tunneling 
erase mechanism. 


During program operations AMD’s Flash memories 
transfer and store charge on a floating gate in a manner 
similar to EPROM. This provides data retention that is 
equivalent to that of EPROM devices. The device is pro- 
grammed by raising the control gate and drain terminal 
to a high voltage. The source terminal is grounded. The 
voltage potential across the channel attracts channel 
electrons from the source area towards the drain. At the 
drain region, some of these channel electrons become 
“hot” electrons and are swept up through the thin oxide 
where they are trapped on the floating gate. The elec- 
trons stored on the floating gate create an electric field 
which turns off the memory transistor and represents a 
logic zero. 


AMD's 5.0 V-only, Flash memory uses Negative Gate 
Erase Technology for erase operations in order to mini- 
mize the current drawn from the erase change pump. 


AMD cl 
AMD's Negative Gate Erase technique actually pro- 
vides the same electric fields to the Flash memory cell 
and uses the same erase mechanism as its 12.0 V Flash 
devices. A negative voltage of -10.5 V is applied to the 
control gate while the source terminal is at 5.0 V sup- 
plied by the system Vcc supply. Negative Gate Erase is 
used in order to reduce the current drawn fromthe erase 
charge pump. The band-to-band tunneling current 
(10-20 mA peak) comes directly from the system Vcc 
supply through the Array around terminal. This is the 
most efficient way to use an existing system Vcc supply. 
The current required from the Negative Gate Erase 
charge pump is less than 10 pA at —10.5 V. This signifi- 
cantly reduces the internal power consumption in rela- 
tion to conventional 12.0 V approaches. 


The Am29F010 


This section describes the various features of the 
Am29F010. 


General Description 


The Am29F010 is a 1 Mbit 5.0 V-only “Flash” electrically 
erasable, electrically programmable read only memory 
organized as 128K x 8 bits. It is a 32-pin device which 
allows upgrades to 4 Mbit densities. The device has uni- 
form sector architecture with 100,000 minimum endur- 
ance cycles per sector. 


The Am29F010 is entirely pin and software compatible 
with the 5.0 V-only JEDEC standard. Commands are 
written to the command register using standard micro- 
processor write timings. Register contents serve as in- 
put to an internal state-machine which controls the 
erase and programming circuitry. Write cycles also in- 
ternally latch addresses and data needed for the pro- 
gramming and erase operations. With the appropriate 
command sequence written to the register, standard mi- 
croprocessor read timings output array data, access the 
auto-select codes or output data for erase and program 
verification. Reading data out of the device is similar to 
reading from 12 V Flash or EPROM devices. 


Embedded Algorithms 


The Am29F010 is programmed and erased using Em- 
bedded Algorithms, which completely automates the 
program and erase operation. The Am29F010 is pro- 
grammed by executing the Program Command se- 
quence. The Embedded Programming™ Algorithm 
automatically times the programming pulse width and 
verifies the proper cell margin. Chip erase is done by 
executing the erase command sequence. The Embed- 
ded Erase™ Algorithm automatically verifies if the entire 
array is programmed and if it is not, the algorithm will 
automatically pre-program it before beginning electrical 
erase. 


The Am29F010 features Data Polling and Toggle Bit 
functions as a method to indicate to the host system 
when the Embedded Algorithms are in progress or 
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completed. During the Embedded Program Algorithm 
an attempt to read the device will produce compliment 
data of the data last written to DQ7. Upon completion of 
the Embedded Program Algorithm, an attempt to read 
the device will produce the true data last written to DQ7. 
During the Embedded Erase Algorithm, DQ7 will be “0” 
until the erase operation is completed. Upon completion 
of Embedded Erase Algorithm data at DQ7 will be “1”. 
The device also features a “Toggle Bit” as another 
method to indicate to the host system when the Embed- 
ded Algorithms are in progress or completed. During an 
Embedded Program or Erase Operation, successive at- 
tempts to read data from the device will result in DQ6 
toggling between one and zero. Once the Embedded 
Program or Erase Operation is completed, DQ6 will stop 
toggling and valid data will be read. Upon completion of 
the Embedded Algorithm the device returns to the read 
mode. The Am29F010 will also indicate through DQS, if 
the program or erase time has exceeded the specified 
limits. Under these conditions DQ5 will produce “1” 
which will indicate that the program or erase cycle was 
not successfully completed. Then DQ4 will indicate 
which algorithm exceeded the limits. A “0” in DQ4 indi- 
cates a programming failure, a “1” indicates an erase 
failure. 


The automatic nature of the Embedded Algorithms pro- 
vide various benefits over standard algorithms. Embed- 
ded Algorithms increase the system level performance 
significantly by reducing the CPU's overhead associ- 
ated with the repetitive nature of standard algorithmic 
commands. This frees up the CPU to execute other sys- 
tem level tasks. 


Sector Based Architecture 


The Am29F010 also features a sector erase architec- 
ture. The whole memory content of the device is divided 
into eight sectors of equal size. The sector architecture 
allows for 16K byte segments of memory to be erased 
and reprogrammed without affecting other sectors. The 
device also supports hardware sector protection. This 
feature will disable both program and erase operations 
in any number of sectors (0 through 7). Please refer to 
the data sheet for more details on sector protection. 


Sector erase requires a six bus cycle command similar 
to standard E7PROMs. There are two unlock write cy- 
cles followed by writing the “set-up” command. Two 
more unlock write cycles are then followed by the sector 
erase command. On this sixth bus cycle, sector address 
defined by higher address lines A16, A15 and A14 is 
latched on the falling edge of WE, while the sector erase 
command (30h) is latched on the rising edge of WE. 
Multiple sectors may be erased concurrently by writing 
the six bus cycle command as described above followed 
by a sector erase command with other sector ad- 
dresses. Atime-out of 100 ps from the rising edge of the 
WE pulse of the last sector erase command will initiate 


the sector erase operation. If another sector erase com- 
mand is written within the 100 us time-out window the 
timer is reset. Any command other than sector erase 
within the time-out window will reset the device to the 
read mode, ignoring the previous command string. The 
device will indicate this time-out through the DQ3 pin. If 
DQ$ is high the internally controlled erase cycle has be- 
gun, and attempts to write additional commands to the 
device will be ignored until the erase operation is com- 
pleted as indicated by the Data Polling or Toggle Bit. If 
DQ3 is low, the sector erase timer window is still open 


-and the device will accept additional sector erase com- 


mands. The system software should check the status of 
DQ3 prior to and following each sector erase command. 


Am29F010—An ideal Choice 


B The Am29F010 has an access time of as fast as 
45ns which will provide true 0 wait state perform- 
ance in very high speed designs without download- 
ing the code to the Shadow RAM. 


m The device incorporates Embedded Algorithms 
which reduces software overhead for system de- 
signer and it also increases system performance 
since CPU will be free to do other tasks during 
reprogramming operations. 


m The device provides a minimum of 100,000 write en- 
durance cycles per sector. This kind of high endur- 
ance is especially important in the emerging markets 
of embedded flash disks and removable cards. 


mw Since the Am29F010 is a 5.0 V-only device, it elimi- 
nates the need for DC to DC converter circuitry to 
translate the system level voltage level from 5.0 V to 
12.0 V for write and erase operations. This also sim- 
plifies the hardware design, results in reduced board 
space and reduces the system cost by approxi- 
mately $2.00 to $4.00. 


m As the power consumption is proportional to the 
square of operation voltage, 5.0 V operation reduces 
the power consumption significantly during program- 
ming and erase operation. 


@ Sector erase architecture is another added advan- 
tage which is valued by many system designers. 
The Am29F010 provides a system designer eight 
sectors to use in their designs in order to add more 
functions to the system. It also eases the design and 
debugging process by allowing a system designer to 
erase a single sector during code modification. This 
brings the program modularity to the system. 


m™ The device also incorporates several features to 
prevent inadvertent writing of the part. 


— During the power-up and power-down, a write 
cycle is locked out for Vcc less than 3.2 V 
(typically 3.7 V). Under these conditions, the 
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command register is disabled and all internal 
program/erase Circuits are disabled. 


— The device ignores the noise pulses or glitches of 
less than 5 ns (typical) on OE, CE or WE and will 
not initiate a write cycle. 


— During power-up of the device even with WE = 
CE = Vit and OE = Vin, the device will not accept 
commands on the rising edge of WE. The internal 
state machine is automatically reset to the read 
mode. 


AMD ct 


Packaging Details 


AMD's Am29F010 is being offered in three standard 
32-pin packages: Plastic Dual In-Line Package (PDIP), 
Plastic Leaded Chip Carrier (PLCC), Leadless Chip 
Carrier (LCC) and Thin Small Outline Package (TSOP). 
See Figures 1 and 2 for pin-out details. 





24 I} OE (G) 


22 |] CE (E) 





|} A10 





17078B-2 


Figure 1. Am29F010 DIP, PLCC and LCC Pin-Out 
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29F010 Standard Pinout 
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29F010 Reverse Pinout 17078B-3 


Figure 2. Am29F010 TSOP Pin-Out 
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Thin Small Outline Package 


The TSOP is the industry’s leading edge plastic, surface 
mountable memory package. System requirements for 
higher density and smaller, high density memory arrays 
are driving this packaging trend. It is becoming the stan- 
dard choice for hand-held equipment and palmtop/ lap- 
top computers as well as memory cards. This package 
comes in standard and reverse 32-pin options and is 
available in the 8 mm x 20 mm x 1.27 mm package out- 
line. In addition to the TSOP’s low height profile, maxi- 
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Pin 1 indicator for standard bend pinout 
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mum board space is achieved with the dual-in-line and 
standard/reverse pinouts. Board layers can be reduced 
because traces are routed under the two sides of the 
package that do not have leads. This allows packages to 
be mounted side-by-side and end-to-end. All pins ex- 
cept chip enable pins can be connected in parallel. This 
is accomplished by using standard and reverse pin-out 
packages in an alternating sequence as shown in 
Figure 3. 
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Figure 3. Optimum Board Layout with TSOP 
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SYSTEM LEVEL DESIGN ISSUES Hardware Design Consideration 
This section describes various system level design con- This section describes the modifications required in the 
siderations for the support of reprogrammable BIOS. standard PC-AT motherboard to support the Flash 


BIOS. Below is the block level diagram of a PC-AT mo- 
therboard supporting reprogrammable Flash BIOS. 


ADS 

or re SAO — SA19 
CPU Chip 

Am386 CA31 - CA2 Set 


e031 - cDo se-s05 





ISA BUS 


Addr 
M/1O Discrete 
Logic 
WR BIOS 74F245 


WE Buffer 





Optional) 
Am29F010 “e 
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Figure 4. PC-AT Motherboard with Fiash BIOS 





Looking at the above block diagram we come across 
two main considerations for supporting the Flash based CA19 


reprogrammable BIOS: ree 


@ Allwrite accesses to EPROM address space are di- 
rected to the ISA bus and effectively discarded. 
Since standard PC chip sets do not generate 
MEMWR with ROMCS. WE for Flash EPROM must WA WE 

be generated externally. M/IO 

@ Standard PC motherboards do not support writes to 
the BIOS EPROM. If the chip set data buffer works | 17078B-6 
only in one direction, a data buffer is required that be. 
works in both read and write directions in order to Figure 5. WE Generation Circult 


support Flash BIOS. 


WE generation for Flash EPROM can be generated by 
using simple discrete circuitry to decode the BIOS ad- 
dresses range (EQOO0H — FFFFFH), M/lO, and W/R. 
Figure 5 shows the generation of WE signal. 
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Considerations for In-System 
Programming 


In traditional PC motherboard design, the EPROM con- 
taining BIOS, is normally socketed and disassembled 
from the board. Flash EPROMs eliminate the need to 
disassemble the system and replace the socketed de- 
vice in order to update System BIOS. Flash devices may 
be soldered directly to a printed circuit board since they 
support in-system programming. 


Before soldering the Flash memory on the board, the 
manufacturer may initially program the boot code and 
any other codes which have to be protected. Boot codes 


may be protected using external programming equip- . 


ment or by AMD. To activate these modes, the program- 
ming equipment must force 12 V on the device. The 
particular sector will be selected using high order 


AMD cl 


_ address lines A14, A15 andA16. Once the device is sol- 


dered into the board, the rest of the programming is 
done by using the local CPU. The Boot code is not 
meant to be changed once it is protected. However, its 
content may be altered by using the Sector Unprotect 
feature of the device and then reprogram the device with 
a new code. Please refer to the data sheet for more de- 
tails on sector protect and unprotect. 


Software Design Consideration 


Let us take the BIOS design example using the AMD's 
Flash device Am29F010 as shown in Figure 6. BIOS 
Code has been divided into various modules like Boot 
Code, System BIOS, VGA BIOS, Power Management 
Code etc., and each sector may be used for individual 
modules. 





1 Mbyte DOS Map 


FFFFFH 


64K BIOS Location 









64K BIOS Extension 


_ Adaptor Space 






232K 
; 
00000H , 







Am29F010 







32K 






Main 
BIOS 






32K 


16K 





16K 





17078B-7 


Figure 6. BIOS Design with Am29F010 
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Please note that the only difference between the stan- 
dard BIOS and Flash BIOS is the addition of Boot Code 
located in a separate sector. The Boot Code resides in 
the system address FCO000h— FFFFFh andcontains the 
minimum code needed to boot up the system so that 
other blocks can be reprogrammed if required. Boot 
Code consists of: 
@ 16-byte jump vector 
m BIOS check sum routine 
m Recovery code 
The Recovery Code contains various initialization rou- 
tines and basic minimum routines for system start-up. 

— System timer 

— DMA/Interrupt function 

— Keyboard 

— Floppy drives 


@ During power on Boot Code takes control of the 
system 


— It uses the BIOS checksum routine to check for 
valid main BIOS. 


mw If the main BIOS is valid, system RAM is checked 
and the main BIOS code is copied into the system 
DRAM memory and continue the boot operation. 
This feature is known as shadow memory and is 
used by most PC designs. 


@ If BIOS checksum determines an invalid BIOS, the 
system gives control to the recovery code for boot 
operation. The recovery code initializes the system 
RAM and floppy drive. Using basic minimum rou- 
tines, it boots up the system from floppy drive and 
displays the message to insert the BIOS update disk- 
ette. 


@ The BIOS update diskette will contain: 
— Reprogramming utility 
— BIOS code 


w The reprogramming utility is loaded into system 
RAM and used to reprogram the main BIOS from the 
diskette. 


The above procedure may be also used to modify the 
main BIOS code. 
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Generation and Control of Vepp Programming 


Voltage for Flash Memories 


Application Note 


INTRODUCTION 


Constant Vpp voltage of 12.0 V + 0.6 V is required for 
erase and programming operations. Parallel device 
reprogramming (either 16-bit or 32-bit data words) re- 
quires 30 mA of current for each device in the Flash 
memory array. 


Vep voltage may be generated in a number of ways. 
Each of these options will be discussed during the text. 


Hardwire Vpp Voltage to the Flash Device. 
Umbilical Cord Type Programming. 


o Pp > 


Use DC/DC Convertor to pump 5 V to Vpp Voltage. 
4. Pump 5 V to Vpp Voltage with Analog Circuitry. 


It is important to maintain the specified Vep voltages 
when programming the Flash memory device. All inter- 
nal device voltages are generated from the Vpp refer- 
ence. Inappropriate Vep voltage may impair device 
performance. Internal voltages do not exceed that of ex- 
ternal Vpp. 


Unlike other approaches to Flash memories, AMD’s de- 
vices actually verify margin for each byte during erase 
and programming operations. This is accomplished dur- 
ing the Erase-verify and Program-verify operations re- 
spectively. During these operations, the appropriate 
margin-verify voltages are internally tapped off of the 
Vep voltage via the command register and internal Vee 
circuitry. This allows for Erase/Erase-verify and Pro- 
gram/Program-verify operations to be performed with 
Static Vcc (5 V) and Vpp (12 V) voltages. 


Before proceeding, afew comments regarding basic de- 
sign philosophy should be mentioned. Please make 
note of these comments for any of the Ver generation 
methods implemented. 


Vpp Trace and Circuitry 


Be aware that AC current is a component of DC power 
switching characteristics. Design the printed circuit 
board traces handling this current to accommodate high 
frequency. 


Printed Circuit Board Trace Layout 


Use a single ground plane to eliminate potential loops. 
Keep ail inductive impedances at a minimum on all high 
current traces. 


Publication# 10934 Rev.B Amendment/o 
Issue Date: March 1991 


al 


Advanced 
Micro 
Devices 


Vpp Regulator Circuitry Layout 


Locate the Vee generation circuitry as close to the Flash 
memory array as possible. In addition, minimize lead 
lengths of the network. To help prevent noise from being 
picked up in feedback loops, locate all resistors and ca- 
pacitors as close to the Vee network as possible. In order 
to prevent input ground loops, use separate returns for 
input and output capacitors. 


Device Decoupling 


Switching CE inputs for memory selection causes tran- 
sient current peaks at the Flash device. The Flash mem- 
ory devices should be decoupled with the appropriate 
capacitance from these transients. 


™ Connect 0.1uF ceramic capacitor between Vcc and 
Vss and one between Vpp and Vss. The capacitors 
should be placed as close to each device as 
possible. 


@ In addition, connect 4.7uF electrolytic capacitor be- 
tween Vcc and Vss on the memory array’s power 
supply. Do this for each set of eight memory devices. 
this bulk capacitor will maintain even voltage to the 
memory array. 


1. HARDWIRE Veep VOLTAGE TO THE 
FLASH DEVICE 


Typically this approach is usedinthe most cost sensitive 
applications. Regulated 12.0 V supplies are commonly 
available in many systems. 


When Vcc = 0 V, the Vee voltage is internally disabled 
from the device. Memory contents cannot be altered. 
The Flash device automatically resets to the read mode 
when Vcc rises above 2 V. This occurs even when 
Vpp= 12 V. 


Power supply sequencing is not required. 


The device will only respond to the correct sequence of 
commands in order to change the state of the Flash 
memory from Read mode to any other mode. In addi- 
tion, the three control pins must be in their correct state 
(CE = Low, OE = High and WE = Low) in order to accept 
a command from the data bus. 


A number of additional procedures are available to fur- 
ther prevent inadvertent writes should system glitches 
occur during systenvdevice power transitions. 
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Hold any control pin (CE, OE, or WE) in a non- 
write condition. This disables the device from 
executing any write operation (see example on 
the next page). 


@ Any “illegal” command (an illegal command is one 
that is not defined in the AMD Flash data sheet 
under the section - Command Definitions) written 
to the Flash device will automatically terminate any 
operation and reset the device to the Read Mode. 


Example: 


Holding WE in a non-write condition during power transitions. 















Vpp 









1 321] Vcc System Vcc 
NC {]}2 31L] WE System WE 
AISL]3 Flash 30LI NC 





Memory 
Device 





In systems where the Ver pin is to be connected directly 
to the +12 V supply, WE should be held in a non-write 
state during power supply transitions. This will prevent 
against inadvertent write conditions. 


During power supply transitions, Vere voltage is inter- 
nally disabled from the Flash device until Vcc rises 
above 2 V. In addition, the Flash device automatically 
resets to the read mode as Vcc rises above 2 V. When 
write enable is at Vin the command register is internally 
disabled from the internal state machine of the Flash de- 
vice. When the command register is disabled, data com- 
mands can not be transferred to the state machine. 
Therefore the state of the Flash device will not be altered 
from the read mode. Access to the command register 
will be prevented until the WE line is driven to a logic 
level low by the system write control. 


Note: Vin Min =2.0 V. - 


2. UMBILICAL CORD PROGRAMMING 


Many applications perform system updates using the 
umbilical cord or edge connector programming method. 
The external programming equipment supplies the 
12.0 V+0.6 V Vpp voltage. When the umbilical cord is 
disconnected, be aware that electrostatic discharge 
may build up on the floating Ver pin. To prevent against 
this problem, tie the Vep pin to ground via a large (10KQ) 
pull-up resistor and a capacitor (see Figure 1). | 


3. Vcc (5.0 V) to Vpp (12.0 V) DC/DC 
CONVERTER 

A monolithic DC/DC convertor from Valor Electronics, 

the PM9006, is appropriate for the digital world to supply 

the 12.0 V +0.6 V Vee voltage. The Vpp voltage is gener- 


ated on chip using the standard system Vcc (5.0 V) volt- - 


age. Standard TTL commands are used to disable the 


12.0 V output supply when programming or erasing 
operations are not intended. The enable (E) function 
provides absolute write protection to guarantee against 
inadvertent program or erasure. Flash memory con- 
tentscannot be altered without the active 12.0 V Vpp 
supply. The enable pin also saves system power when 
DC/DC convertor is not required. The PM9006 has a 
minimum efficiency of 50% at full load. The PM9006 
comes in a 24-pin package. 


External Vpp 
Connector 


R = 10KQ 





Device Vpp Pin 






| 


- Figure 1. 


The Valor PMS006 provides a controlled 12.0 V output 


that is regulated within the +5% (+0.6 V) Vee specifica- 
tion. The standard system Vcc (5.0 V) supply is con- 
verted to the Vpp (12.0 V) supply by the DC/DC 
convertor. The voltage transitions are smooth and pro-. 
tect against destructive positive or negative overshoot. 


The PM9006 can supply 165 mA of current at the regu- 
lated 12.0 V +0.6 V output. The 5.0 V +0.5 V DC input 
supply of the DC/DC convertor uses a maximum of 840 
mA of input current. The Am28F010 specifies a maxi- 
mum Vpp current of 30 mA for either the erase or pro- 
gram operations. Actual current required for these 
operations is substantially lower than this. Given the 
maximum Vpp current of 30 mA for each device, four(4) 
Am28F010 may be programmed and erased in parallel 
with one PM9006 device. The PM9006 Vpp supply cur- 
rent = 165 mA— 4x30 mAof Vee current required forthe 
Flash memory array = 45 mA of additional current avail- 
able from the DC/DC convertor. 


Parallel programming and erasure allows for the most 
efficient method to reprogram x16 or x32-bit data words. 
Refer to the previous application note for parallel pro- 
gram and erasue flow charts. 


Board Level Resets 


System designs should not allow the Flash device to 
perform any programming or erase operations when the 
CPU does not have control of the Flash device. Some 
designs incorporate board level reset circuitry that sus- 
pends operation of the local CPU if the Vcc level falls be- 
low a predetermined value (such as 4.6 V). If this is the 
case, the reset circuitry should also disable the Vpp 
power supply whenever the CPU is held in reset. 


If the local CPU is forced into reset mode while it is pro- 
gramming or erasing the Flash device, the system reset 
circuit should also terminate that operation. To accom- 
plish this, the PM9006’s enable pin should be driven 
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high whenever the reset circuitry is active. Drive the chip 
enable pin of the PM9006 with the logical OR of the reset 
circuit’s output signal and the chip enable control line to 
the PM9006. This will disable the Vep supply and hence 
terminate any programming or erase operation. The 
5V 











LT1072 


120K = 


Note: 


Flash device automatically resets to the read mode 
when Vpp is disabled. 


L1 = Pulse Engineering #PE-52645 


MUR120 
1N5919A-5.6 V 


Vpp Output 
200 mA MAX 


+ 


100pnF 






12814A-1 
Resistor 


Vpp Out Tolerance 


The circuit of Figure 2 will not spuriously overshoot during power-up or power-down. This prevents destruction of the device due to voltages that 


exceed specification. VPP outputs are predictable and controllable during power supply transitions as a result of the referenced circuit designs. 
The compensation of the LT1072 causes a very overdamped pulse response. In addition, the control loops of the circuit are functioning even at 


low supply voltages. Thus the control loop is active before the memory circuits settle and prevents uncontrolled VPP pulse outputs. 


Figure 2. Basic Flash Memory Vpp Programming Voltage Supply 


Please reference the PM9006 data sheet for complete 
details of device operation. One method of implement- 
ing the PM9006 DC/DC convertor is illustrated below. 


Vpp Out 
() 





Note: 


Pins 3 through 9 and 16 through 23 are not internally 
connected to the device and do not need to be driven. 


Generate and Control 12.0 V 


4. PUMP 5 V TO Veep VOLTAGE WITH 
ANALOG CIRCUITRY 


Flash memories require a Vpp voltage of 12.0 V +0.6 V. 
It is important to note that Vep voltage must be main- 
tained within the device specification for reliable opera- 
tion. Vpp voltages that exceed 14 V for 20 ns or longer 
are likely to destroy the device. Thus, we need to care- 
fully control the high voltage programming circuitry. It 
should be noted that proper design of the Vpp circuitry 
eliminates the issues of device destruction due to appli- 
cation of voltages outside of the specified operating 
range. In addition, it is preferable to control the Vpp volt- 
age with a 5.0 V logic command. 
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The Starter Kit: Vep Generation and 
Control 


The basic circuit described in Figure 2 satisfies just 
about all Veep requirements for Flash memories. High 
voltage is produced by driving the Vep command low. 
The low Veep command (Trace A, Figure 3) activates the 
LT1072 switching regulator to drive L1. The resistor net- 
work of R1 and R2 provides the DC feedback. C1, R3 
and C2 control the AC roll-off. Trace B illustrates the re- 
sulting Vee voltage that rises smoothly to the required 
level. The values specified for R1 and R2 determine 


A = 5V/DIV 


B = 5V/DIV 


Horizontal = 





the12.0 V output. Leave the 5.6 V zener in the circuit in 
order to return the output to 0 V when the Vpp command 
goes high. When a 4.5 V minimum output is desired the 
zener may be omitted. Circuit trimming requirements 
are eliminated due to the tight internal references of the 
LT1072. Only precision resistors are required. 


The table in Figure 4 gives additional information re- 
quired to provide greater power output from the refer- 
enced circuit. The synchronous switch option of Figure 4 
may replace the zener and eliminate its power 
dissipation. 


: at 


-20ms/DIV 


Figure 3. Waveforms for Basic Flash 
Programming Supply 


MJE370 


To MUR120 Cathode To output capacitor 
To +5 V onl 12814-002A 


68Q 


Power Options for Basic Vpp Generator 






Note: 


Assume each Flash device requires 30mA VppP current. 


Output 
Current Cour | Regulator 


400mA | 200uF |] LT1071 PE-52645 
800MA | 400uF | LT1070 PE-51516 







1N5339A 
or 
Synchronous 
Switch Option 


1N5339A 
or 

Synchronous 

Switch Option 








Figure 4. Synchronous Switch Option 
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A=5V/DIVE 


A=5V/DIV a 


Horizontal = 2us/DIV 


Figure B3. 
Note: 
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A= 5V/DIV 






ToT. 


Horizontal = 100 ns/DIV 


Figure B2. Rings at Destructive Voltages After a 
PC Trace Run 


A = 5V/DIV Perth etege : Hts + as Hebe 


Horizontal = 10us/DIV 
Figure B4. 


Short Circuit Recovery for Poorly (Figured B3) and Properly (Figure B4) Designed Connections. Figure B3’s Overshoot 


on Recovery Can Cause Memory Chip Failures 
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Transmission Line Effects of Printed 
Circuit Board Traces on Vpp Voltages 


One might ask: “Why not use a simple low resistance 
FET to switch the output of the switching regulator when 
its level is correctly set?” This sounds good — too good. 


In reallife, the printed circuit board traces exhibit trans- 
mission line effects. Voltages seen at the memory de- 
vice’s pins are not the same as at the output of the 
regulator. Overshoots result at the junction of the printed 
Circuit board trace and device pins. Thus voltages may 
exceed device specifications. This concern is com- 
pounded since the Vpp supply voltages are unusually 
close to the device’s absolute maximum limit of 14V. 


Figure B1 illustrates an ideal Vpp pulse seen at the out- 
put of a simple low loss transistor that is switching the 
power supply. No overshoot is observed and the Vpp 
pulse settles quickly. The same output is measured 
(Figure B2) at the memory device pins after running the 
printed circuit board trace. 


Because of mismatching, the PCB trace appears as an 
unterminated transmission line. Ringing can exceed 
20V because of reflections at the junction of the PC 
trace and device pin. This condition is obviously detri- 
mental to the device. The negative overshoot occurring 
on the falling edge of the Vpp transition may cause 
equally destructive negative voltages at the device pins. 


Properly controlled Vpp rise time prevents this type of 
overshoot. The closed loop circuits discussed earlier 
eliminate overshoot through controlled edge timings. In 
addition, the referenced circuits protect the Vep genera- 
tor against short circuit damage which also protects the 
memory device. 


The Vpp output recovery when the diode is removed is 
shown in Figure B3. Contrast this with Figure B4. Here 
the diode is in place and the Vpp recovery is smooth. 
Similar considerations apply during power-up/down. 
During application or removal of power, the Vep genera- 
tor must not produce spurious output pulses. 


Vpp outputs are predictable and controllable during tran- 
sient power supply considerations as a result of the ref- 
erenced circuit designs. The compensation of the 
LT1072 causes a very overdamped pulse response. In 
addition, the control loops of the circuit are functioning 
even at low supply voltages. Thus the control loop is ac- 
tive before the memory circuits settle and prevent un- 
controlled Vee pulse outputs. 


Note: The above circuitry is designed for maximum sys- 
tem protection. Should you desire to modify any circuity, 
it is advisable to contact Jim Williams of Linear 
Technology. 


This Document was adapted from Linear Technology's Application Note 31 “Linear Circuits for Digital Sytems: Some 
Affable Analogs for Digital Devotees,” written by Jim Williams, February, 1989. 
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THIN SMALL OUTLINE PACKAGE \ 


THIN SMALL OUTLINE PACKAGE (TSOP) DESCRIPTION 

AMD presents the Thin Small Outline Package. The TSOP is the industry’s leading edge 
plastic, surface mountable memory package today. System requirements for higher 
density and smaller form fit memory arrays are driving this package evolution. TSOP 
offers a form fit close to that of bare die yet provides the added benefit of being shipped 
from the factory completely tested, something not available with bare die. This increases 
system yield because there is no loss due to cleanroom assembly related defects and/or 
parametric failures. 


Primary Characteristics 
m JEDEC/EIAJ standard dimensions and 32-pin pinout 


m Standard and reverse pinout options 
m Maximum package thickness of 1.20 mm 


This is AMD's initial offering in state of the art small form fit packaging. The 32-pin 
package is available in the 8 mm x 20 mm x 1.20 mm package outline. As densities 
increase, package leadcount will also. 
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Figure 1-1 28F010 128K x 8 Flash Memory in 32 Lead TSOP 
10 OE 
2 A10 
3 CE 
4 D7 
5 D6 
6 DS 
7 D4 
8 D3 
9 Vss 
D2 
D1 
Do 
AO 
Al 
A2 
A3 
28F010 Standard Pinout 
28F010 Reverse Pinout 11796C-1 
Packaging Evolution 
The continuing trend toward smaller systems and/or higher density memory arrays has 
led to a significant evolution in newer small form fit packaging. This trend is outlined 
below. | 
Computers: Desktop Notebook Palmtop 
Disk drives: 3-1/2” 2-1/2”/Flash “Disk” Flash “Disk” 
Instrumentation: Benchtop Portable Handheld 
Package Type Package Volume (cubic inches) 
PDIP (100 mil Pitch) 0.18 
Slim DIP (100 mil Pitch) 0.09 
ZIP (100 mil Pitch) 0.072 
SOIC/SOJ (50 mil Pitch) 0.075 
PLCC (50 mil Pitch) 0.045 
TSOP (20 mil Pitch) 0.01 
3-54 Thin Small Outline Package 
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The TSOP is not only suited for standard printed circuit board and Single In-line Memory 
Module (SIMM) applications, but is the package of choice in the exploding new growth 
area of solid state memory cards. 


TSOP packaging is well suited to high density, small form fit systems. This latest 
evolution offers significant packaging volume savings in comparison with the above 
alternatives. Increasingly, TSOP is being used in disk drive controller boards, notebook 
and palm top PCs, high density memory subsystems, and PCMCIA 68-pin standard 
memory cards. This is just the beginning. 


An emerging market segment with explosive growth is the PCMCIA 68-pin memory card 
standard. The TSOP can be used to pack both sides of a memory board in order to 
increase the memory density available within a given space constraint. In addition, the 
TSOP packaged devices are tested to AMD’s standard test flows. This allows AMD to 
guarantee the highest level of quality and long term reliability. 


Minimal Space Requirements 

In addition to the TSOP’s low height profile, maximum board space saving is achieved 
with the dual-in-line and standard/reverse pinouts. Board layers can be reduced 
because traces are routed under the two sides of the package that do not have leads. 
This allows packages to be mounted side by side and end to end. Packages can be 
mounted end to end because AMD offers both standard and mirror image reverse pinout 
packages (see Figure 1-1). All pins except chip enable pins can be connected in 
parallel. This is accomplished by using standard and reverse pinout packages in an 
alternating sequence as in Figure 1-2. 


HANDLING AND SHIPPING 


Shipping Trays 

AMD's 32-pin TSOP are shipped in high temperature resistance trays (max. 150°C) 
having 156 positions per tray. The trays are in compliance with standard JEDEC 
outlines. JEDEC trays all have the same outside dimensions for easy stacking for use in 
manufacturing and storage. Trays are designed to prevent TSOP leads from touching 
any part of the holding tub. | 
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Figure 1-2 
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OPTIMAL BOARD LAYOUT WITH TSOP 
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© = Pin 1 indicator for standard bend pinout 
Z\= Pin 1 indicator for reverse bend pinout 


TSOP Cross-Section 


Loop HGT Loop to PKG Clearance .007° 
.006° 


LIF 006° THK pig 914° 


.043° PKG 


047° MAX HGT 
THK MAX Yc 





DWN Set .009° 908° Pad to PCK 
Clearance 


Thin Small Outline Package 


PACKAGE DRAWING* 





| ; 18.30 
18.50 
19.80 
20.20 


see TOP VIEW 
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1 
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END VIEW e238 CX95 TS 032 
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*For the standard form/pin-out, the pin one is a round dimple. For the reverse form/pin-out, an inverted triangle will be 
marked here indicating pin one. 


"For reference only. All measurements in millimeters. BSC is an ANSI Standard for Basic Space Centering. 
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he non-volatile memory mar- 
ket, long the bastion of the 
UV EPROM, has been fis- 
sured with the recent emer- 
gence of in-system repro- 
grammable flash memories 
as a viable technology. To- 
day, both EPROMs and flash 
memories coexist and they 
will continue to run parallel 
paths, with the choice of 
technology influenced by the 
requirements of the end 
product. 

Flash memories were born 
of the marriage between 
EPROM and E?PROM devices. Flash in- 
corporates the same programming capabili- 
ty as an EPROM with the added benefit of 
E?PROM-like electrical erasability, so it 
can be reprogrammed without removing it 
from the circuit board. This makes flash an 
ideal choice for applications that require in- 
system reprogrammability. While the same 
benefit can be obtained from either 
E?PROM or battery-backed SRAM, flash 
memories are less expensive than both. - 

In light of the projected rapid growth in 
demand for flash, the product-development 
plans announced by the ever-increasing 
number of vendors, and the recent public 
announcements by some large vendors— 
who have stated that their strategy is to 
“de-emphasize” EPROMs in favor of flash 
memories—the future of EPROMs has be- 
come unclear. This has caused some confu- 
sion in the memory marketplace. Technical 
factors such as scalability, die cost, erasure 
and package considerations—as well as 
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market-based factors such as demand, ap- 
plications and features—factor into the de- 
cisions to build and use either EPROM or 
flash products. 

EPROMs and flash memories will coex- 
ist with the choice of technology influenced 
by the requirements of the end product as 


used by the customer. While some vendors 
have stated that flash memories are more 
scalable than EPROMs with the addition of 
double-layer metal,even down at 0.5-mi- 
cron geometries, Advanced Micro Devices 
Inc. sees no need for multilayer metal for 
EPROMs. AMD’s single-layer metal pro- 
cess for EPROMs using 0.5-micron tech- 
nology not only will provide the high densi- 
ty—up to the 16-Mbit level—but is also 
capable of generating the smallest die size 
and highest performance in the industry. 

It is a fact that, at the same density, the 
flash-memory die is more expensive than 
an EPROM because it has the slightly larg- 
er cell size required to support high endur- 
ance. Also, the flash process complexity is 
greater due to additional masking steps, 
and it requires longer test times to perform 
electrical erasure in the tester, as opposed 
to UV-erase in an oven. 

Flash pricing today remains at a multiple 
of EPROM. However, flash pricing will 
continue to drop until it settles at around a 
20 percent to 30 percent premium over a 
comparable EPROM. Memory designers 
are not going to increase the cost of their 
systems by using flash when there is no need 
for future reprogramming. In these designs, 
reprogrammiability does not represent value 
to the customer. Consequently, flash tech- 
nology will not ubiquitously replace OTP 
EPROM designs. 

The market’s demand for various price/ 
performance products supports the coexis- 
tence of both EPROM and flash technology. 

There is no question that flash technol- 
ogy has already reserved a bright spot in 
the history of non-volatile memories. In 
some designs, however, EPROM and 
flash memories can coexist comfortably. 
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Making EPROM/flash 
trade-olis 


AMD zl 


Laser-printer designs are becoming com- 
modity-oriented items. Memory-design 
requirements are dictated by the pages- 
per-minute output of the printer. Mem- 
ory designers can make a trade-off be- 
tween designing interleaved systems 
with slower/less expensive devices or 
non-interleaved systems using faster/ 
higher-cost devices. The software re- 
quirements for these systems are also 
fairly straightforward. Firmware that 
typically does not change in this system 
are the PCL-5 and/or Postscript engine- 
control codes. 

In addition, the code for font types 
does not typically change. The density 
requirements for this code range from 2 
to 4 Mbytes of storage, depending on the 
font types available and the number of 
scaling options. EPROMs instead of 
ROMs are used to provide manufactur- 
ing flexibility. The EPROMs are pro- 
grammed just-in-time, depending on 
the printer engine and font options 





Datar Lalvani holds a BSEE from the Uni- 
versity of Madras, India, and an MBA from 
the Wharton Graduate School of Business, 
University of Pennsylvania. Kurt Wolf holds 
a BSEE from the University of Michigan. 
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Choosing flash or EPROM 


Continued 

required for that day’s manufac- 
turing run. Flash memory is then 
incorporated as an option that al- 
lows end users to store custom- 
ized fonts or screen images in the 
printer. This eliminates the repet- 
itive delay associated with trans- 
ferring the bit-map-generated im- 
ages between the computer and 
printer. This decrease in produc- 
tivity is eliminated when the code 


is resident on the printer in flash 
memory, a clear example of a 
very high-volume product that re- 
quires both high-density EPROM 
and flash-memory devices. 

Each technology is employed to 
take advantage of its strengths. 
OTP EPROMs are used in the 
most cost-sensitive portion of the 
memory system where the code 
typically does not change once the 


Published Flash Articles 


system is shipped. OTP EPROMs 
also allow for smooth transitions 
between manufacturing runs that 
incorporate different printer en- 
gines and/or font type options. 

The higher-priced flash devices 
provide customers with the ability 
to personalize their systems. The 
value of this functionality more 
than offsets the incremental cost 
of the devices. 
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REPROGRAMMING 
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TO CELLULAR COMMUNICATION 
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stores those portions of code . 
that many change in the future. Cellular communication system ripe for flash- -memory U use 

Subroutines that allow the host 
system to interact with other re- 
mote external systems are exam- 
ples of code segrnents that may be 
periodically updated. The alter- 
nate non-volatile memory devices 
store the main structure of the 
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' dding value such as easy repro- 
grammability to a cellular communications system 
can bring about another market surge in this 


Telephone network system 


Cellutar carrier system 
y ~ In Ni 
' 
— 
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popular technology. It is a given that cellular firmware that remains stable. SS Cellular 
phones allow people to make more efficient use of In fact, Flash memories offer Switching | Celtula relay 2 car phone 
their driving time. However, if a user wants to _ benefits throughout the entire exchange = y siatching 
change cellular carrier companies for more com- __ cellular communications system, equipment 


petitive rates and/or features or move to an area 
not covered by his/her current carrier, the cellu- 
lar phone must be reprogrammed at a cellular 
service service center, a procedure that can 
cause many hours of unproductive phone down- 
time. 

The use of Flash memory in cellular phones 
can speed up that update process. For example, 
a customer who doesn’t have the use of Flash 
memory who decides to change cellular has to 
bring his phone to the shop, where the phone is 
disassembled to remove and replace the old 
EPROM with a newly programmed device, then 
reassembled and, finally, reinstalled in the car. 
This is a time-consuming process and involves 
the expense of new components. The total cost 
includes the labor costs associated with manual- 
ly changing code that is typically stored in 
EPROM and the lost productivity that occurs 
when the customer's phone is unavailable. 

Remote memory updates with a Flash mem- 
ory-based system are more cost-effective than 
any other non-volatile memory system. The 
piece-part price of Flash memories ts greater 
than EPROM- and ROM-based memories. 
However, the cost of updating memory con- 
tents in a remote memory system that is 
EPROMN- and ROM-based is orders of magni- 
tude more costly than performing remote up- 
dates on a Flash memory-based system. This 
cost difference is driven primarily by the cost of 
the labor required to update firmware in 
EPROM- and ROM-based systems. 

The Flash memory-based system evolves to 
- one that employs a combination of both Flash and 
other non-volatile memory alternatives. Over 
time, more and more of a system’s firmware 
becomes stable and does not require future up- 
dates. This usually includes the basic structure of 
the firmware program but not the specialized 
subroutines it may call. 

At this point, a lower-cost memory system is 
implemented with a combination of Flash and 
other non-volatile memory. The Flash memory 


which is comprised of the main 

switching equipment, the site re- 

lay, and the phones themselves (see figure). 
The main cellular switching equipment 


serves as a link between the telephone network _ 


system to provide access for the customer. The 
switch equipment acts as a controller for the 
cellular relays, which convert the RF phone 
signals to analog. The relays also employ trans- 
ceivers to send and receive the phone commu- 
nications. The main system switch monitors its 
network of relays and determines call place- 
ment and routing. 

The cellular switching equipment is responsi- 
ble for connecting calls into the telephone net- 
work system and for monitoring and controlling 
its cellular relays. The switches contain the rout- 
ing algorithms for call placement. These algo- 
nthms take into account the traffic load of the 
cellular sites and the geographic terrain that may 
affect relay of the transmitted signals. The main 
switching equipment also keeps track of custom- 
er databases, which maintain a file of phone ser- 
vice features that are active for each customer. 
Among these features are call waiting, call for- 
warding, and voice mail. 

The cellular phone itself contains the basic 
communication techniques between the phone 
and the cellular relays, the system parameters 
that allow communication with the customer’s 
specific cellular carrier. The caller’s phone 
number is also contained within the phone in 
order to identify which customer is accessing 
the system and which features should be acti- 
vated. The Digital Tone Modulated Frequency 
(DTMF) parameters are also stored in order to 
allow for automated touch-tone functions such 
as voice mail. 

Another application for Flash memories in a 
cellular communications system is the customer 
database, which resides in another part of the 
switching equipment's memory system. Custom- 
er databases may be set up as a file structure in 
the Flash memory space. Each customer file may 


consist of multiple bytes of address space. Multi- 
ple account files may reside on a single Flash 
device by maintaining files that have an I.D. 
associated with each customer’s account (i.e., 
the customer’s phone number). 

This link allows the system to access each 
user’s file during a call to determine which 
phone service features the customer is entitled 
to use. Separate codes may exist for both the 
activation and deactivation of particular service 
features (i.e., call waiting). An activated ser- 
vice feature may be canceled by adding the 
deactivation code to the customer’s file. Before 
establishing the phone connection, the system 
scans the customer file to look for active ser- 
vice features and to check if any features have 
been canceled. 

Today each cellular phone model must be 
uniquely programmed at the dealer’s installation 
site. Typically, these phones use socketed 
EPROMsS. The installation department programs 
these EPROMs with appropriate system param- 
eters and DTMF codes to function with the 
specific carner chosen. 

By contrast, when the user wants to change 
Carriers or moves to a town outside of his 
current service area, his/her phone must be 
reprogrammed at a cellular service center. 

Flash memories offer an innovative solution 
to the inconvenience of bringing in your car 
phone in order to change carriers or when you 
move from one cellular service area to an- 
other., Flash memories, which are electrically 
programmable in-system, allow code changes 
to be performed by transferring data over the 
cellular network. 

For instance, a user could schedule his/her 
phone to be reprogrammed during a morning 
commute. The cellular service station then dials 
the user’s phone to establish a data link for 
transmitting data, thus optimizing the inherent 
communications capability of the cellular system.m 
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Flash widens scope for code storage 


Patrick Henry charts the progress in features and endurance of 


lash memory has 
EF revolutionised how 

designers think 

about storing control code 
in computers, peripherals 
and communications de- 
vices. In-system re-pro- 
grammability, low voltage 
and high speed help design 
objectives to be met in a 
wide range of micropro- 
cessor and microcon- 
troller-based products. It has become the 
preferred choice where any of the fol- 
lowing is true; 

—the control code is not stable or is in 
the prototyping stage; 

—a standard diagnostic test is used dur- 
ing testing and end-user code is re- 
programmed into the device only at 
the final assembly stage; 

—the code could potentially be altered 
in-system, due to code revisions, 
customisation by the end user or the 
systems being dynamically self- 
configuring; 

—there is a standard hardware platform 
and customer-specific code across the 
product line. 

Features which add value include 
in-system re-programmability, 5V only 
operation, sector erase with protection 
and high reliability. 

In-system re-programmable code has 
several advantages including time to 
market and improved manufacturing and 
inventory efficiencies, with improved 
flexibility for the end-user. Not only has 
the 12V requirement been eliminated, 
but the devices will tolerate t10percent 
on the 5V Vcc. Typical erase sector sizes 
now range from 8k to 64kBytes; per-sec- 
tor protection allows protection of boot 
code from inadvertent erasure, and can 
eliminate a separate boot ROM. 

Where hardware and_ software 
development takes place in parallel, the 
hardware can. be developed with early 
version software and re-loaded with later 
versions as the project progresses, easing 
the path of both and removing the need 
to remove socketed UVPROM or con- 
ventional EPROM for reprogramming, 
scrap early production boards or rework 
them. Once the code is finally stable it 
can be switched into OTP EPROM or 
even mask ROM to reduce costs without 
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some of the latest flash memory chips 


Comparison of the EPROM Cell and the Flash Memory Cell 
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interrupting production. 

100percent testing can be carried out 
with diagnostic code, replaced before 
shipping with the final functional code; 
reliability monitoring is also assisted in 
this way. 

Standard hardware units can be cus- 
tomised for different markets, reducing 
inventory costs; cellular phones semi- 
customised with firmware for different 


countries is an example of this approach. 


End-users can re-configure the code, to 
add features or update to a later version 
of the complete code. PC BIOS is a case 
in point, where new PCMCIA socket 
services, VGA commands and advanced 
power management can all be included 
as BIOS extensions. 


Reliability 

High reliability is essential in micro- 

controller-based products due to the high 

cost of field failures and their effect on 
the manufacturer’s reputation. The latest 
flash memory devices can provide the 
required degree of reliability. As shown 
in Fig. 1, the memory cell of the industry 
standard single transistor NOR-type 
flash device is nearly identical in design 
and processing to the cell on mature 

UV EPROM products, with only two 

differences; 

—the flash cell uses a graded double dif- 
fusion on the source; 

—and has a thinner tunnel oxide, about 
100Angstroms (against 150 Ang- 
stroms for the EPROM cell). 

Double diffusion on the source and a 
thinner tunnel oxide help Fowler- 
Nordheim tunneling during erase. A 
great deal of reliability data exists on 
EPROM cell technology, including veri- 
fied data retention of a minimum of 
10years at 150C and 20years at 125C. 

The most advanced flash chips use an 
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on-chip state machine to 
control program and erase; 
with this on-chip a minimu- 
m amount of assembly 
code must be written to 
program and erase the 
device compared to earlier 
generation devices. Mis- 
implementation of first 
generation manual flash 
algorithms is in fact the 
cause of most flash device 
problems. The two most common specif- 
ic errors were mis-implementation of the 
timing algorithms and skipping the pre- 
programming step in the ¢rase algo- 
rithm. With the software on the silicon, 
both of these issues and many other have 
been resolved. 

Endurance is also an important 
measure of reliability; endurance is the 
number of erase cycles that a device can 
withstand. This has been raised from 
1000 to the present 10 000 cycles with a 
failure rate of O.S5percent. The most 
advanced devices now achieve 100 000 
erase cycles; devices supplied with the 
“Embedded Program” and “Embedded 
Erase” algorithms offer a minimum of 
100 000 write cycles at a failure rate of 
0.3percent. 

With these devices the failure rate is 
linear ie the failure mechanism is ran- 
dom and equally likely to occur at any 
time in the life of the device; so the 
equivalent failure rate at 10 000 cycles 
can be expressed as 0.03percent, or some 
17 times better than the previous 
standard 10 O00cycle endurance. 
Additionally, the embedded algorithms 
detect and correct soft errors caused by 
over-erased bits. 

In a population of equipments with 
equivalent numbers of flash devices, the 
use of this new generation of devices— 
again, because the failure rate is linear— 
will result in a direct reduction of 
product returns by the same factor of 17. 

Flash memory should still not be used 
in all systems, as there are still trade- 
offs; but in most instances designers 
have to make fewer sacrifices when flash 
is used for control code storage. 


Patrick Henry is Product Marketing 
Manager with AMD in Sunnyvale; in the UK 
call 0483 740440. 
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CONDENSED. 


AmCO001AFLKA 


1 Megabyte 12.0 Volt Flash Memory PC Card 


DISTINCTIVE CHARACTERISTICS 


H High performance 
— 250 ns maximum access time 


m@ CMOS low power consumption 
— 25 mA typical active current (X8) 
— 400 uA typical standby current 


M@ PCMCIA/JEIDA 68-pin standard 
— Selectable byte or word-wide 
configuration 


M Write protect switch 
— Prevents accidental data loss 


@ High re-programmable endurance 
— Minimum 100,000 erase/write cycles 


Mm Zero data retention power 
— Batteries not required for data storage 


Hi Separate attribute memory 
— 512 byte EEPROM 


GENERAL DESCRIPTION 


AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage solu- 
tions to the portable PC market segment. Data files and 
application programs can be stored on_ the 
AmCOO1AFLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, extreme power 
consumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmCOO1AFLKA also allows today’s bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two “AA” alkaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards pro- 
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmMCOQ01AFLKA enhances the pro- 
ductivity of mobile workers. 


Widespread acceptance of the AmMCO01AFLKA is as- 
sured due to its compatibility with the 68-pin PCMCIA/ 
JEIDA international standard. AMD’s Flash Memory 
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Devices 


Automated write and erase operations 
(increases system write performance) 
— 128K byte memory segment 
— Typically <1 second per single memory 
segment erase 
— Random address writes to previously 
erased bytes (10 us typical per byte) 


Total system integration solution 
— Support from independent software and 
hardware vendors | 


EH Insertion and removal force 
— State of art connector allows for minimum card 
insertion and removal effort 


fi Write and erase voltage, 12.0 V+ 5% 
Read voitage, 5 V+5% 
El Manufactured by Berg Electronics 


H 


Cards can be read in either a byte-wide or word-wide 
mode which allows for flexible integration into various 
system platforms. Compatibility is assured at the hard- 
ware interface and software interchange specification. 
The Card Information Structure (CIS) or Metaformat, 


can be written by the OEM at the Memory Card's attrib- 


ute memory address space beginning at address 
OOO00H by using a format utility. The CIS appears at the 
beginning of the Card's attribute memory space and de- 
fines the low-level organization of data on the PC Card. 
The AmCOO1AFLKA contains a separate 512 byte 
EEPROM memory for the card’s attribute memory 
space. This allows all of the Flash Memory to be used for 
the common memory space. 


Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD’s Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 


Manufactured by Berg Electronics seevaen ccs 
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CONDENSED 


PC CARD PIN ASSIGNMENTS 


Ground 

Data Bit 3 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 
Card Enable (Note 1) 
Address Bit 10 
Output Enable 
Address Bit 11 
Address Bit 9 
Address Bit 8 
Address Bit 13 
Address Bit 14 
Write Enable 
No Connect 
Power Supply 
Pgm Sply Vitg 1 
Address Bit 16 
Address Bit 15 
Address Bit 12 
Address Bit 7 
Address Bit 6 
Address Bit 5 
Address Bit 4 
Address Bit 3 
Address Bit 2 
Address Bit 1 
Address Bit 0 
Data Bit 0 
Data Bit 1 
Data Bit 2 
Write Protect (Note 1) 
Ground 
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Function 

Ground 

Card Detect (Note 1) 
Data Bit 11 

Data Bit 12 

Data Bit 13 

Data Bit 14 

Data Bit 15 

Card Enable 2 (Note 1) 
No Connect 

No Connect 

No Connect 
Address Bit 17 
Address Bit 18 
Address Bit 19 

No Connect 

No Connect 

Power Supply 

Pgm Sply Vitg 2 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 
Register Select 
Battery Vitg Detect 2 (Note 2) 
Battery Vitg Detect 1 (Note 2) 
Data Bit 8 

Data Bit 9 

Data Bit 10 

Card Detect 

Ground 





Notes: 


| = Input to card, O = Output from card 

I/O = Bi-directional 

NC = No connect 

In systems which switch Vcc individually to cards, no signal should be directly connected between cards other than ground. 
1. Signal must not be connected between cards 

2. BVD = Internally pulled-up 
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\ AMD 


ORDERING INFORMATION 


Standard Products 


CONDENSED 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


Am C 001 A 


K <A -250, CSxxxxx 


: 


I 


Flash Memory PC Cards 


CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 


SPEED OPTION 


REVISION LEVEL 


OUTPUT CONFIGURATION: 
(x16/x8) 


FLASH TECHNOLOGY 


100,000 ERASE/PROGRAM 
CYCLES MINIMUM 


MEMORY CARD DENSITY 
001 = One Megabyte 


PC MEMORY CARD 


AMD 








CONDENSED 


AmCO02AFLKA 


2 Megabyte 12.0 Volt Flash Memory PC Card 


DISTINCTIVE CHARACTERISTICS 


M@ High performance 
— 250 ns maximum access time 


m@ CMOS low power consumption 
— 25 mA typical active current (X8) 
— 400 pA typical standby current 


m@ PCMCIA/JEIDA 68-pin standard 
— Selectable byte or word-wide 
configuration 


@ Write protect switch 
— Prevents accidental data loss 


@ High re-programmable endurance 
— Minimum 100,000 erase/write cycles 


@ Zero data retention power 
— Batteries not required for data storage 


@ Separate attribute memory 
— 512 byte EEPROM 


GENERAL DESCRIPTION 


AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage solu- 
tions to the portable PC market segment. Data files and 
application programs can be stored on_ the 
AmCOO02AFLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, extreme power 
consumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmCO02AFLKA also allows today’s bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two “AA” alkaline batteries are required for total 
system operation. AMD’s Flash Memory PC Cards pro- 
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmCOO2AFLKA enhances the pro- 
ductivity of mobile workers. 


Widespread acceptance of the AmCOO2AFLKA is as- 
sured due to its compatibility with the 68-pin PCMCIA/ 
JEIDA international standard. AMD’s Flash Memory 





al 


Advanced 
Micro 
Devices 


El Automated Write and Erase Operations 
(Increases System Write Performance) 
—~ 256K byte memory segment 
— Typically <1.5 seconds per single memory 
segment erase 
— Random address writes to previously 
erased bytes (14 us typical per byte) 


© Total system integration solution 
— Support from independent software and 
hardware vendors 


Insertion and removal force 
— State of art connector allows for minimum card 
insertion and removal effort 


E] Write and erase voltage, 12.0 V+5% 
O Read voltage,5V+5% 
{1 Manufactured by Berg Electronics 


Cards can be read in either a byte-wide or word-wide 
mode which allows for flexible integration into various 
system platforms. Compatibility is assured at the hard- 
ware interface and software interchange specification. 
The Card Information Structure (CIS) or Metaformat, 
can be written by the OEM at the Memory Card’s attrib- 
ute memory address space beginning at address 
OO000H by using a format utility. The CIS appears atthe 
beginning of the Card’s attribute memory space and de- 
fines the low-level organization of data on the PC Card. 
The AmCOO02AFLKA contains a separate 512 byte 
EEPROM memory for the card's attribute memory 
space. This allows all of the Flash Memory to be used for 
the common memory space. 


Third party software solutions such as Microsoft’s Flash 
File System (FFS), enable AMD’s Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. | 


Manufactured by Berg Electronics wfueveewee 


Publication# C17273 Rev.A Amendment/0 
Issue Date: September 1992 
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PC CARD PIN ASSIGNMENTS 


[Ping | Signal [vO | Function [ inf | Sional__[ 10 


OOAN OO kf WD DY — 


A ok 
—_— © 


Notes: 


Ground 

Data Bit3 . 
Data Bit 4 
Data Bit 5 
Data Bit 6 
Data Bit 7 


Card Enable (Note 1) 


Address Bit 10 
Output Enable 
Address Bit 11 
Address Bit 9 
Address Bit 8 
Address Bit 13 
Address Bit 14 
Write Enable 
No Connect 
Power Supply 
Pgm Sply Vitg 1 
Address Bit 16 
Address Bit 15 
Address Bit 12 
Address Bit 7 
Address Bit 6 
Address Bit 5 
Address Bit 4 
Address Bit 3 
Address Bit 2 
Address Bit 1 
Address Bit 0 
Data Bit 0 
Data Bit 1 
Data Bit 2 


Write Protect (Note 1) 


Ground 


| = Input to card, O = Output from card 


VO = Bi-directional 
NC = No connect 


CONDENSED 


AMD al 


Ground 

Card Detect (Note 1) 
Data Bit 11 

Data Bit 12 

Data Bit 13 

Data Bit 14 

Data Bit 15 

Card Enable 2 (Note 1) 
No Connect 

No Connect 

No Connect 
Address Bit 17 
Address Bit 18 
Address Bit 19 
Address Bit 20 

No Connect 

Power Supply 

Pgm Sply Vitg 2 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 
Register Select 
Battery Vitg Detect 2 (Note 2) 
Battery Vitg Detect 1 (Note 2) 
Data Bit 8 

Data Bit 9 

Data Bit 10 

Card Detect 

Ground 





In systems which switch Vcc individually to cards, no signal should be directly connected between cards other than 


ground. 


1. Signal must not be connected between cards 


2. BVD = Internally pulled-up 





AmCO002AFLKA 


a AMD 


CONDENSED 





ORDERING INFORMATION 
Standard Products 


' AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


Am C 002 A FL 





K A_ -250 


LE 


CSxxxxx 


CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 


SPEED OPTION 


REVISION LEVEL 


OUTPUT CONFIGURATION: 
(x16/x8) 


FLASH TECHNOLOGY 


100,000 ERASE/PROGRAM 
CYCLES MINIMUM 


MEMORY CARD DENSITY 
001 = One Megabyte 
002 = Two Megabyte 


PC MEMORY CARD 


AMD 





5-10 


Flash Memory PC Cards 





- CONDENSED 


AmCO0O4AFLKA 


4 Megabyte 12.0 Volt Flash Memory PC Card 


DISTINCTIVE CHARACTERISTICS 


B@ High performance 
— 250 ns maximum access time 


i CMOS low power consumption 
— 25 mA typical active current (X8) 
— 400 LA typical standby current 


@ PCMCIA/JEIDA 68-pin standard 
— Selectable byte or word-wide 
configuration 


@ Write protect switch 
— Prevents accidental data loss 


High re-programmable endurance 
— Minimum 100,000 erase/write cycles 


Zero data retention power 
— Batteries not required for data storage 


Separate Attribute Memory 
— 512 byte EEPROM 


GENERAL DESCRIPTION 


AMD's Flash Memory PC Card provides the highest 
system level performance for data and file storage solu- 
tions to the portable PC market segment. Data files and 
application programs can be stored on_ the 
AmCOO4AFLKA. This allows OEM manufacturers of 
portable system to eliminate the weight, extreme power 
consumption and reliability issues associated with 
electro-mechanical disk-based systems. The 
AmCOO04AFLKA also allows today’s bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two “AA” aikaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards pro- 
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AMCOO4AFLKA enhances the pro- 
ductivity of mobile workers. 


Widespread acceptance of the AmMCOO4AFLKA is as- 
sured due to its compatibility with the 68-pin PCMCIA/ 
JEIDA international standard. AMD's Flash Memory 








ro 


Advanced 
Micro 
Devices 


H Automated write and erase operations 
(increases system write performance) 
— 256K byte memory segment 
— Typically <1.5 seconds per single memory 
segment erase 
— Random address writes to previously 
erased bytes (14 pus typical per byte) 


EI Total system integration solution 
— Support from independent software and 
hardware vendors 


fi Insertion and removal force 
— State of art connector allows for minimum card 
insertion and removal! effort 


i Write and erase voltage, 12.0 V+5% 
m Read voltage,5V+5% 
Manufactured by Berg Electronics 


Cards can be read in either a byte-wide or word-wide 
mode which allows for flexible integration into various 
system platforms. Compatibility is assured at the hard- 
ware interface and software interchange specification. 
The Card Information Structure (CIS) or Metaformat, 
can be written by the OEM at the Memory Card's attrib- 
ute memory address space beginning at address 
O0Q000H by using a format utility. The CIS appears at the 
beginning of the Card’s attribute memory space and de- 
fines the low-level organization of data on the PC Card. 
The AmCOO4AFLKA contains a separate 512 byte 
EEPROM memory for the card's attribute memory 


space. This allows all of the Flash Memory to be used for 


the common memory space. 


Third party software solutions such as Microsoft’s Flash 
File System (FFS), enable AMD’s Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 


Manufactured by Berg Electronics claeveensce 


Publication# C17274 Rev. A Amendment/0 
Issue Date: September 1992 
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CONDENSED 


PC CARD PIN ASSIGNMENTS 
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Ground 
Data Bit 3 
Data Bit 4 

Data Bit 5 
Data Bit 6 

Data Bit 7 
Card Enable (Note 1) 
Address Bit 10 
Output Enable 
Address Bit 11 
Address Bit 9 
Address Bit 8 
Address Bit 13 
Address Bit 14 
Write Enable 
No Connect 
Power Supply 
Pgm Sply Vitg 1 
Address Bit 16 
Address Bit 15 
Address Bit 12 
Address Bit 7 
Address Bit 6 


‘Address Bit 5 


Address Bit 4 
Address Bit 3 
Address Bit 2 
Address Bit 1 
Address Bit 0 

Data Bit 0 

Data Bit 1 

Data Bit 2 

Write Protect (Note 1) 
Ground 


| = Input to card, O = Output from card 


VO = Bi-directional 
NC = No connect 


In systems which switch Vec individually to cards, no signal should be directly connected between cards other than ground. 


1. Signal must not be connected between cards 


2. BVD = Internally pulled-up 
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ping | Signal [VO | Function | Pin# | Signal__[ VO | Function SSS 


Ground 

Card Detect (Note 1) 
Data Bit 11 

Data Bit 12 

Data Bit 13 

Data Bit 14 

Data Bit 15 

Card Enable 2 (Note 1) 
No Connect 

No Connect 

No Connect 
Address Bit 17 
Address Bit 18 
Address Bit 19 
Address Bit 20 
Address Bit 21 
Power Supply 
Pgm Sply Vitg 2 
No Connect | 
No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 

No Connect 
Register Select 


Battery Vitg Detect 2 (Note 2) 
Battery Vitg Detect 1 (Note 2) 


Data Bit 8 
Data Bit 9 
Data Bit 10 
Card Detect 
Ground 
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CONDENSED 





ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


Am C 004 A 


5-14 


K A +250, CSxxxxx 


iF 


Flash Memory PC Cards 


CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 


SPEED OPTION 


REVISION LEVEL 


OUTPUT CONFIGURATION: 
(x16/x8) 


FLASH TECHNOLOGY 


100,000 ERASE/PROGRAM 
CYCLES MINIMUM 


MEMORY CARD DENSITY 
001 = One Megabyte 
004 = Four Megabyte 


PC MEMORY CARD 


AMD 





___ CONDENSED 





AmCO0O01BFLKA 


1 Megabyte 5.0 Volt-only Flash Memory PC Card 


al 


Advanced 
Micro 
Devices 





DISTINCTIVE CHARACTERISTICS 
M@ High performance 
— 200 ns maximum access time 
# Single supply operation 
— Write and erase voltage, 5.0 V+5% 
— Read voltage, 5.0 V+5% 
m@ CMOS low power consumption 
— 31 mA maximum active read current (x8 mode) 
— 1mA maximum standby current 
@ High write endurance 
— Minimum 100,000 erase/write cycles 
m PCMCIA/JEIDA 68-pin standard 
— Selectable byte or word-wide configuration 
@ Write protect switch 
— Prevents accidental data loss 
@ Zero data retention power 
~— Batteries not required for data storage 


GENERAL DESCRIPTION 
AMD's 5.0 V-only Flash Memory PC Card provides the 


highest system level performance for data and file . 


storage solutions to the portable PC market segment. 
Manufactured with AMD’s Negative Gate Erase, 
5.0 V-only technology, the AMD 5.0 V-only Flash 
Memory Cards are the most cost-effective and reliable 
approach to single-supply Flash memory cards. Data 
files and application programs can be stored on 
the AmC001BFLKA. This allows OEM manufacturers 
of portable systems to eliminate the weight, high- 
power consumption and reliability issues associated 
with electro-mechanical disk-based systems. The 
AmCO001BFLKA also allows today’s bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two “AA” alkaline batteries are required for total 
system operation. AMD's Flash Memory PC Cards pro- 
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmC001BFLKA enhances the pro- 
ductivity of mobile workers. 


@ Separate attribute memory 
— 512 byte EEPROM 


@ Automated write and erase operations 
increase system write performance 


— 64x 16K byte memory sectors for faster 
automated erase speed 
— Typically 1.3 seconds per single memory 
sector erase 
— Random address writes to previously erased 
bytes (14 ps typical per byte) 
@ Total system integration solution 


— Support from independent software and 
hardware vendors 


@ Low insertion and removal force 


— State-of-the-art connector allows for minimum 
card insertion and removal effort 


H Manufactured by Berg Electronics 


Widespread acceptance of the AmC001BFLKA is as- 
sured due to its compatibility with the 68-pin PCMCIA/ . 
JEIDA international standard. AMD’s Flash Memory 
Cards can be read in either a byte-wide or word-wide 
mode which allows for flexible integration into various 
system platforms. Compatibility is assured at the hard- 
ware interface and software interchange specification. 
The Card Information Structure (CIS) or Metaformat, 
can be written by the OEM at the memory card’s attrib- 
ute memory address space beginning at address 
OO000H by using a format utility. The CIS appears at the 
beginning of the Card’s attribute memory space and de- 
fines the low-level organization of data on the PC Card. 
The AmCO00O1BFLKA contains a separate 512 byte 
EEPROM memory for the card’s attribute memory 
space. This allows all of the Flash memory to be used for 
the common memory space. 


Third party software solutions such as Microsoft’s Flash 
File System (FFS), enable AMD’s Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 


Manufactured by Berg Electronics siaernensee 


Publication# C17277 Rev.B Amendment/0 
Issue Date: March 1994 
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Flash Memory PC Cards 


CONDENSED AMD &A 





PC CARD PIN ASSIGNMENTS 


Ground Ground 

Data Bit 3 cD Card Detect (Note 3) 

Data Bit 4 Data Bit 11 

Data Bit 5 Data Bit 12 

Data Bit 6 Data Bit 13 

Data Bit 7 Data Bit 14 

Card Enable (Note 3) Data Bit 15 

Address Bit 10 CE Card Enable 2 (Note 3) 

Output Enable No Connect 

Address Bit 11 Reserved 

Address Bit 9 Reserved 

Address Bit 8 Address Bit 17 

Address Bit 13 | Address Bit 18 

Address Bit 14 Address Bit 19 

Write Enable Address Bit 20 

No Connect No Connect 

Power Supply Power Supply 

No Connect (Note 1) No Connect (Note 1) 

Address Bit 16 | No Connect | 
Address Bit 15 No Connect 

Address Bit 12 No Connect 

Address Bit 7 No Connect 

Address Bit 6 No Connect 

Address Bit 5 No Connect 

Address Bit 4 No Connect 

Address Bit 3 No Connect 

Address Bit 2 REG Register Select 

Address Bit 1 Battery Vitg Detect 2 {Note 2) 

Address Bit 0 Battery Vitg Detect 1 (Note 2) 

Data Bit 0 Data Bit 8 

Data Bit 1 Data Bit 9 

Data Bit 2 Data Bit 10 

Write Protect (Note 3) cD Card Detect (Note 3) 

Ground Ground 


AO eOCONAHN AWD = 


a ee Sr Ce © 
oanh W NY 


17 


WOW WWOWN NNN NNNN ND = = 
fF wWNM KY" ODAN OTF WNM |= O YO @D 





Notes: 
| = Input to card, O = Output from card 


VO = Bi-directional 

NC = No connect 

In systems which switch Vec individually to cards, no signal should be directly connected between cards other than ground. 
1. Vpp not required for Programming or Reading operations. 

2. BVD = Internally pulled-up 

3. Signal must not be connected between cards. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


AM Cc 001 B FL 





K A~ -200 CSxxxxx 


CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 


SPEED OPTION | 


REVISION LEVEL 


OUTPUT CONFIGURATION: 
(x16/x8) 


FLASH TECHNOLOGY 


5.0 V-ONLY OPERATION WITH 
100,000 ERASE/PROGRAM 
CYCLES MINIMUM 


MEMORY CARD DENSITY 
001 = One Megabyte 


PC MEMORY CARD 


AMD 





Flash Memory PC Cards 


CONDENSED 





AmCO002BFLKA 


2 Megabyte 5.0 Volt-only Flash Memory PC Card 


DISTINCTIVE CHARACTERISTICS 
lH High performance 
— 200 ns maximum access time 
@ Single supply operation 
— Write and erase voltage, 5.0 V+5% _ 
— Read voltage, 5.0 V+5% 
@ CMOS low power consumption 
— 31 mA maximum active read current (x8 mode) 
— 1.75 mA maximum standby current 
@ High write endurance 
— Minimum 100,000 erase/write cycles 
mM PCMCIA/JEIDA 68-pin standard 
— Selectable byte or word-wide configuration 
@ Write protect switch 
— Prevents accidental data loss 
@ Zero data retention power 
— Batteries not required for data storage 


ct 


Advanced 


Micro 
Devices 


m Separate attribute memory 
— 512 byte EEPROM 

@ Automated write and erase operations 
increase system write performance 


— 128x 16K byte memory sectors for faster 
automated erase speed 


—- Typically 1.3 seconds per single memory 
sector erase 


— Random address writes to previously erased 
bytes (14 ps typical per byte) 
@ Total system integration solution 


— Support from independent software and 
hardware vendors 


@ Low insertion and removal force 


— State-of-the-art connector allows for minimum 
card insertion and removal effort 


@ Manufactured by Berg Electronics 





GENERAL DESCRIPTION 


AMD's 5.0 V-only Flash Memory PC Card provides the 
highest system level performance for data and file 
storage solutions to the portable PC market segment. 
Manufactured with AMD’s Negative Gate Erase, 
5.0 V-only technology, the AMD 5.0 V-only Flash 
Memory Cards are the most cost-effective and reliable 
approach to single-supply Flash memory cards. Data 
files and application programs can be stored on 
the AmCOO02BFLKA. This allows OEM manufacturers 
of portable systems to eliminate the weight, high- 
power consumption and reliability issues associated 
with electro-mechanical disk-based systems. The 
AmCO02BFLKA also allows today’s bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two “AA” alkaline batteries are required for total 
system operation. AMD’s Flash Memory PC Cards pro- 
vide the most efficient method to transfer useful work 
between different hardware platforms. The enabling 
technology of the AmCOQO2BFLKA enhances the pro- 
ductivity of mobile workers. 


Widespread acceptance of the AmCOO02BFLKA is as- 
sured due to its compatibility with the 68-pin PCMCIA/ 
JEIDA international standard. AMD's Flash Memory 
Cards can be read in either a byte-wide or word-wide 
mode which allows for flexible integration into various 
system platforms. Compatibility is assured at the hard- 
ware interface and software interchange specification. 
The Card Information Structure (CIS) or Metaformat, 
can be written by the OEM at the memory card’s attrib- 
ute memory address space beginning at address 
00000H by using a format utility. The CIS appears at the 
beginning of the Card’s attribute memory space and de- 
fines the low-level organization of data on the PC Card. 
The AmCOO2BFLKA contains a separate 512 byte 
EEPROM memory for the card’s attribute memory 
space. This allows all of the Flash memory to be used for 
the common memory space. 


Third party software solutions such as Microsoft's Flash 
File System (FFS), enable AMD's Flash Memory PC 
Card to replicate the function of traditional disk-based 
memory systems. 


Manufactured by Berg Electronics sveevaensee 


Publication# C17278 Rev.B Amendment/0 
Issue Date: March 1994 
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CONDENSED AMD aA 


PC CARD PIN ASSIGNMENTS 


[ping | Signat_ [vo [Function [Ping | Signa [vo | Function 






































































































































































































1 Ground 35 Ground 
2 Data Bit 3 36 Card Detect (Note 3) 
3 Data Bit 4 37 Data Bit 11 
4 Data Bit 5 38 Data Bit 12 
5 Data Bit 6 39 Data Bit 13 
6 Data Bit 7 40 Data Bit 14 
7 Card Enable (Note 3) 41 Data Bit 15 
8 Address Bit 10 42 Card Enable 2 (Note 3) 
9 Output Enable 43 No Connect 
10 Address Bit 11 44 No Connect 
11 Address Bit 9 45 No Connect 
12 Address Bit 8 46 Address Bit 17 
13 Address Bit 13 47 Address Bit 18 
14 Address Bit 14 48 Address Bit 19 
15 Write Enable 49 Address Bit 20 
16 No Connect 50 No Connect 
17 Power Supply 51 Power Supply 
18 No Connect (Note 1) 52 No Connect (Note 1) 
19 Address Bit 16 53 No Connect 
20 Address Bit 15 54 No Connect 
21 Address Bit 12 55 No Connect 
22 Address Bit 7 56 No Connect 
23 Address Bit 6 57 No Connect 
24 Address Bit 5 58 No Connect 
25 Address Bit 4 59 No Connect 
26 Address Bit 3 60 No Connect 
Zi Address Bit 2 61 Register Select 
28 Address Bit 1 62 Battery Vitg Detect 2 (Note 2) 
29 Address Bit 0 63 Battery Vitg Detect 1 (Note 2) 
30 Data Bit 0 64 Data Bit 8 
31 Data Bit 1 65 Data Bit 9 
32 Data Bit 2 66 Data Bit 10 
33 Write Protect (Note 3) 67 Card Detect (Note 3) 


Ground 68 Ground 


wo 
f 


‘Notes: 
| = Input to card, O = Output from card 


VO = Bi-directional 


NC = Noconnect 


In systems which switch Vcc individually to cards, no signal should be directly connected between cards other than 
ground. 


1. Vpp not required for Programming or Reading operations. 
2. BVD =Internally pulled-up 
3. Signal must not be connected between cards. 





AmCO02BFLKA 5-21 


£1 amo 


ORDERING INFORMATION 
Standard Products 


CONDENSED 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


AM Cc 002 B FL 
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K <A_ -200 CSxXxxxx 


Flash Memory PC Cards 


CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 


SPEED OPTION 


REVISION LEVEL 


OUTPUT CONFIGURATION: 
(x16/x8) 


FLASH TECHNOLOGY 


5.0 V-ONLY OPERATION WITH 
100,000 ERASE/PROGRAM 
CYCLES MINIMUM 


MEMORY CARD DENSITY 
001 = One Megabyte 
002 = Two Megabyte 


PC MEMORY CARD 


AMD 





| CONDENSED) CONDENSED | rt 


AmCOXXCFLKA 


1,2, 4, or 10 Megabyte 5.0 Volt-only Flash Memory PC Card 


j 


Advanced 
Micro 
Devices 





DISTINCTIVE CHARACTERISTICS 


M@ High performance 
— 150 ns maximum access time 


@ Single supply operation 
— Write and erase voltage, 5.0 V+5% 
— Read voltage, 5.0 V+5% 
@ CMOS low power consumption 
— 40 mA maximum active read current (x8 mode) 
— 60 mA maximum active erase/write current 
(x8 mode) 


M High write endurance 
— Minimum 100,000 erase/rite cycles 
mM PCMCIA/JEIDA 68-pin standard 
— Selectable byte or word-wide configuration 


@ Write protect switch 
— Prevents accidental data loss 


@ Zero data retention power 
— Batteries not required for data storage 


mM Separate attribute memory 
— 512 byte EEPROM 


m@ Automated write and erase operations 
increase system write performance 
— 64K byte memory sectors for faster 
automated erase speed 
— Typically 1.5 seconds per single memory 
sector erase 
— Random address writes to previously erased 
bytes (16 us typical per byte) 
m Total system integration solution 
— Support from independent software and 
hardware vendors 


@ Low insertion and removal force 
— State-of-the-art connector allows for minimum 
card insertion and removal effort 
m@ Sector erase suspend/resume 
— Suspend the erase operation to allow a read 
operation in another sector within the same 
device 


@ Manufactured by Berg Electronics 





GENERAL DESCRIPTION 


AMD's 5.0 V-only Flash Memory PC Card provides the 
highest system level performance for data and file 
storage solutions to the portable PC market segment. 
Manufactured with AMD’s Negative Gate Erase, 
5.0 V-only technology, the AMD 5.0 V-only Flash 
Memory Cards are the most cost-effective and reliable 
approach to single-supply Flash memory cards. Data 
files and application programs can be stored on 
the “C” series card. This allows OEM manufacturers 
of portable systems to eliminate the weight, high- 
power consumption and reliability issues associated 
_ with electro-mechanical disk-based systems. The “C” 
series card also allows today’s bulky and heavy battery 
packs to be reduced in weight and size. Typically only 
two “AA” alkaline batteries are required for total system 
operation. AMD's Flash Memory PC Cards provide the 
most efficient method to transfer useful work between 
different hardware platforms. The enabling technology 
of the “C” series card enhances the productivity of 
mobile workers. 


Widespread acceptance of the “C” series card is 
assured due to its compatibility with the 68-pin PCMCIA/ 


JEIDA international standard. AMD’s Flash Memory 
Cards can be read in either a byte-wide or word-wide 
mode which allows for flexible integration into various 
system platforms. Compatibility is assured at the hard- 
ware interface and software interchange specification. 
The Card Information Structure (CIS) or Metaformat, 
can be written by the OEM at the memory card's attrib- 
ute memory address space beginning at address 
OOO00H by using a format utility. The CIS appears at the 
beginning of the Card’s attribute memory space and de- 
fines the low-level organization of data on the PC Card. 
The “C” series card contains a separate 512 byte 
EEPROM memory for the card’s attribute memory 
space. This allows all of the Flash memory to be used for 
the common memory space. 


Third party software solutions such as Microsoft's Flash 
File System (FFS), M-System’s True FFS, and SCM’s 
SCM-FFS, enable AMD’s Flash Memory PC Card to 
replicate the function of traditional disk-based memory 
systems. 


Manufactured by Berg Electronics stuevees.ce 
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R= 20 K(min)/140K 2 (max) 


. Note: 
q Mbyte card = 50+ 51 1. The function of these two blocks 
2 Mbyte card = S0....S3 are combined in one ASIC. C18723A-1 


"4 Mbyte card = SO....S7 
"10 Mbyte card = SO....S19 
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CONDENSED amp &\ 
PC CARD PIN ASSIGNMENTS 


rin [Signal [vO [Function | Pin# | Signal [VO | Function —_— 



































































































































1 GND Ground 35 Ground 

2 D3 Data Bit 3 36 CD Card Detect (Note 3) 

3 D4 Data Bit 4 37 Data Bit 11 

4 D5 Data Bit 5 38 Data Bit 12 

5 D6 Data Bit 6 39 Data Bit 13 

6 D7 Data Bit 7 40 Data Bit 14 

7 Card Enable (Note 3) 41 Data Bit 15 

8 Address Bit 10 42 CE. Card Enable 2 (Note 3) 
9 Output Enable 43 No Connect 

10 Address Bit 11 44 No Connect 

11 Address Bit 9 45 No Connect 

12 Address Bit 8 46 Address Bit 17 

13 Address Bit 13 47 Address Bit 18 : 
14 Address Bit 14 48 Address Bit 19 (Note 4) 
15 Write Enable 49 Address Bit 20 (Note 5) 
16 No Connect 50 Address Bit 21 (Note 6) 
17 Power Supply 51 Power Supply 

18 No Connect (Note 1) 52 No Connect (Note 1) 
19 Address Bit 16 53 Address Bit 22 
20 Address Bit 15 54 Address Bit 23 (Note 7) 
21 Address Bit 12 55 No Connect 
22 Address Bit 7 56 No Connect 
23 Address Bit 6 57 No Connect 
24 Address Bit 5 58 No Connect 
25 Address Bit 4 59 No Connect 
26 Address Bit 3 60 No Connect 
27 Address Bit 2 61 REG Register Select 
28 Address Bit 1 62 Battery Vitg Detect 2 (Note 2) 
29 Address Bit 0 63 Battery Vitg Detect 1 (Note 2) . 
30 Data Bit 0 64 | Data Bit 8 
31 Data Bit 1 65 Data Bit 9 
32 Data Bit 2 66 Data Bit 10 
33 Write Protect (Note 3) 67 cD Card Detect (Note 3) 
34 Ground 68 Ground 


Notes: 
| = Input to card, O = Output from card 
V/O = Bi-directional 


NC = No connect 


In systems which switch Vcc individually to cards, no signal should be directly connected between cards other than 
ground. 


Vpp not required for Programming or Reading operations. 
BVD = Internally pulled-up 

Signal must not be connected between cards. 

Highest address bit for 1 Mbyte card. . 

Highest address bit for 2 Mbyte card. 

Highest address bit for 4 Mbyte card. 

Highest address bit for 10 Mbyte card. 


NO OAR WN 





AmCOXXCFLKA 5-25 


a\ AMD 


ORDERING INFORMATION 
Standard Products 


CONDENSED 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


AM Cc OXX C FL 
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Flash Memory PC Cards 


CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 


SPEED OPTION 
REVISION LEVEL 


OUTPUT CONFIGURATION: 
(x16/x8) 


FLASH TECHNOLOGY 


5.0 V-ONLY OPERATION WITH 
100,000 ERASE/PROGRAM 
CYCLES MINIMUM 


MEMORY CARD DENSITY 
001 = One Megabyte 
002 = Two Megabyte 
004 = Four Megabyte 
010 = Ten Megabyte 


PC MEMORY CARD 


AMD 


EGE ome 


6 PHYSICAL DIMENSIONS* 


CD 032 

SSPIN-CCVAMIGIDIE stv et ens fu aed nue ae encase gs einde Be ada Geen Salma aueae. 6-3 
CLR 032 

32-Pin Rectangular Ceramic Leadless Chip Carrier... 0.0... 0... eee eee 6-4 
PD 032 

O2-Pil PIASIGIOIP ‘ava oe eaea cs eet ne ee erhen tices Oo aed 2a eee eee ee 6-5 
PL 032 | 

32-Pin Plastic Leaded Chip Carrier... 0... cc cc ee eet nee eeee ahaa OO 
SO 044 

44-Pin-Small Outline: Packages 3.46250 cee gd ae wi aed oe e ates oe eae eal oe he 6-6 
TS 032 

32-Pin Standard Thin Small Outline Package ......... 0.0.0.0. cee ee ee eee 6-7 
TSR 032 , 

32-Pin Reversed Thin Small Outline Package .......... 0.2... 0. cee ee eee 6-7 
TS 048 

48-Pin Standard Thin Small Outline Package ............... 00.000 ee cee eee 6-8 
TSR 048 


48-Pin Reversed Thin Small Outline Package .......... 0.0... e eee eee eee eee 6-9 


“For reference only. BSC is an ANSI standard for Basic Space Centering. 
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Physical Dimensions 
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CD 032 | 
32-Pin Ceramic DIP (measured in inches) 
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CLR 032 
32-Pin Rectangular Ceramic Leadless Chip Carrier (measured in inches) 
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PD 032 
32-Pin Plastic DIP (measured in inches) 
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PL 032 
32-Pin Plastic Leaded Chip Carrier (measured in inches) 
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SO 044 
44-Pin Small Outline Package (measured in millimeters) 


JUG DOD DORA OERDRARBD OEY 


13.10 15.70 
ee ae 
TOUODOOepOoUPoP Oooo oop DUD 
FUUUW Udo do oboe obo uu UU UU | 
oo TOP VIEW 
0.00 





+ | JOIL_t oe 
tees 0.21 
a 9.10 to - et 
050 0.35 | : O88 
| END VIEW chaz goou 


SIDE VIEW 





6-6 Physical Dimensions 


AMD zl 


TS 032 
32-Pin Standard Thin Small Outline Package (measured in millimeters) 
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TSR 032 
32-Pin Reversed Thin Small Outline Package (measured in millimeters) 
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TS.048 
48-Pin Standard Thin Smal! Outline Package (measured in millimeters) 
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TSR 048 
48-Pin Reversed Thin Small Outline Package (measured in millimeters) 
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North American 


v4 WE 17245): AeA iene enna NP PSOE rere eR eR (205) 882-9122 
ARIZONA ai sac ticetetseceicepiedseneivscpateneccatletieniaeieontest (602) 242-4400 
CALIFORNIA, 
GUIVER GI shi eset cuts kgneiornsteseeananee (310) 645-1524 
Newport Beach sii: cece acvnnenosuncneauare (714) 752-6262 
Sacramento(Roseville) ......... cee eeeeeeteeeees (916) 786-6700 
DAM WIGGO -cazscrssesiiraas essen dene ee cnrepeewssa eager (619) 560-7030 
SA DOSS eis i erreni visivstacdionsuanampderebtacansiand nwunns (408) 922-0500 
Woodland Hilissccaninciicsandsciwacknaae: (818) 878-9988 
CANADA, Ontario, 
Kanata <c.is il aissties weet saad natiaamntintinkad (613) 592-0060 
WMO Wd ALG fotos vastsoi on tovinceicds sasiichan tea ereducdeoinaceatanise (416) 222-7800 
COLORADO riresisesciectesstueesscsenittnddomsi totic: (303) 741-2900 
CONNEC TUGU Diced toate cstancensssiecleeettintireeunistciwngcwbelas (203) 264-7800 
FLORIDA, 
CIC AIWALEM be cieceeclicdentervactecnd ened Wise deeiectale (813) 530-9971 
BOCA ACO css ceshsand capactordedacnccoviansatosswiddeseenitieess (407) 361-0050 
Orlando. (LONQWOO) ............cccceeccecceeeestaeeeees (407) 862-9292 
EO GIA scat ctieietssasectseatncandsedaderes auasdcuelermci ines (404) 449-7920 
A selon se einarencectansurutteante nea Reoaseheatatemmartasnarnies (208) 377-0393 
ILLINOIS, 
CHICAGO (taASCA) vcceinincassescvnuscvassrneedavisensnicd deers (708) 773-4422 
NADCLVNG  scceareesvisreree caesar ieanttnrten ctonc eiawen (708) 505-9517 
NA VIN cst sh creas nan Divas ue atin edaastartvntes (301) 381-3790 
MASSACHUSET VS vic imicisstasecentbnaces eaaateneeies (617) 273-3970 
MINNESOTA) aicarcn cet catesusetucicoasetanss hota omoesiness (612) 938-0001 
NEW JERSEY, 
Cherry Hill ............... acti tad Metrad ba Pata anue lease gek 2 (609) 662-2900 
PANSIDD ANY dccrressechcedisasbeciniptrasaesecvendosawatenee (201) 299-0002 
NEW YORK, 
BOW SIOT cciciuen ea iletdaxctieednarteite ss (914) 279-8323 
PROGIVGSIGI sso lose erie, content sere ose rset wi eaheabcceued (716) 425-8050 
NORTH CAROLINA 
CRON ONE ia, os hctahcereseserwteentel ated deediundeless (704) 875-3091 
PRAIBIQMN: ofestceceanpiteacanrocaliien aN actamannston tated (919) 878-8111 
OHIO, 
Columbus (Westerville) 0.0.0... eeeee (614) 891-6455 
DAY OT 5 tees 8 hectdexscan eects eae eeincate (513) 439-0268 
OREGON adiaeatianiainwatudtlanaate Nea. dees ipclitae (503) 245-0080 
PENNSYEVANIAt ccna (215) 398-8006 
TEXAS, 
PUES Uc fae sceensecndtarena ce en anteestanes marae ate nddseeee nee! (512) 346-7830 
DAS Si testis said cercauueus evea uae eetectace eeescaetes (214) 934-9099 
HOUSTON: c2cscis caren eres ote ass ai Geruianceresaeanictaentes (713) 376-8084 
International__ OC 
BELGIUM, Antwerpen..... TEL ......ceeecnees (03) 248 43 00 
ERM sists duaiascsiconinieloat (03) 248 46 42 
FRANCE, Paris ................ TES Acettnupreceacreann (1) 49-75-10-10 
PAK es ieee (1) 49-75-10-13 
GERMANY, 
Bad Homburg .............. DEL sersce aterarcrasieeessniet (06172)-24061 
PAK i tinadetiadittiaess (06172)-23195 
Munchen ..................006 5 f= agree eee RSet ree (089) 45053-0 
PAK ecicislocereatiedlaloresratin3 (089) 406490 
HONG KONG, .............00ee TEE Aiiatiiemasaucioiens (852) 865-4525 
Wanchat AR svcirorisinaieennteateel (852) 865-4335 
ITALY, Milano .............0... TEL, teataxatineesenasueteeline (02) 3390541 
PA Accsanahenneusastacaeneanviits (02) 38103458 
JAPAN, 
Kanagawa...........c TEL itcsinsanuedacns (0462) 47-2911 
PAK eisai nec oaes (0462) 47-1729 
POOKY 0 5 ccccoietentarnc eds TEL seis cpenmvect ics (03) 3346-7550 
RAK chiicotsnpavsintiaenant (03) 3342-5196 
L@ I: 1 ene nrer Pre error nae fh = Sree eee era merre eee (06) 243-3250 
FAX hs oe tied ot eeceatotees (06) 243-3253 
KOREA, Seoul ..............4. TES civics eisevenassecadts (82) 2-784-0030 
PAK accent pivxheteinss clans (82) 2-784-8014 


International (Continued) 
LATIN AMERICA, 


Ft. Lauderdale............. i k=) Boerne etre eerenen (305) 484-8600 
PAX hracesccetencnce: (305) 485-9736 
SINGAPORE .......c. cee i d= Dee re ere (65) 3481188 
PAK soos ok kenie (65) 3480161 
SWEDEN, 
Stockholm area........... i =) eee etree rere rere (08) 98 61 80 
(Bromma) PAX fetes ietsiccdvsetcsaee (08) 98 09 06 
TAIWAN, Taipei ............... Nk acictheey dace rateaacee (886) 2-7153536 
PAK ais eereateaié (886) 2-7122183 
UNITED KINGDOM, 
Manchester area......... TEL ooo. ee ceeeseesseeerereee (0925) 890380 
(Warrington) PAX tipcksstintencunaiaans (0925) 830204 
London area................ TEL .....eeeceeeeeseeeeeeseeeee (0483) 740440 
(Woking) FAX 00... ceceseceeeesseseeeeeees (0483) 756196 
North American Representatives _____ 
CANADA 
Burnaby, B.C. - DAVETEK MARKETING...... (604) 430-3680 


Kanata, Ontario — VITEL ELECTRONICS ..... (613) 592-0060 
Mississauga, Ontario — 


VITEL ELECTRONICS vis: dasiscissveesdovatusecseveses (905) 564-9720 
Lachine, Quebec — VITEL ELECTRONICS ....... (514) 636-5951 
ILLINOIS 

Skokie — INDUSTRIAL 

REPRESENTATIVES, INC... eee ceeseeeeereeees (708) 967-8430 
IOWA 

LORENZ SAVES sesiracecrasie eiisteerossirreeareace see (319) 377-4666 
KANSAS 

Merriam — LORENZ SALES ....................00 (913) 469-1312 

Wichita - LORENZ SALES i ceeeeeeee (316) 721-0500 
MEXICO 

Chula Vista - SONIKA ELECTRONICA........ (619) 498-8340 

Guadalajara - SONIKA ELECTRONICA........ (523) 647-4250 

Mexico City - SONIKA ELECTRONICA ........ (623) 754-6480 

Monterrey - SONIKA ELECTRONICA........... (523) 358-9280 
MICHIGAN 

Holland — COM-TEK SALES, INC.........000.... (616) 335-8418 

Brighton - COM-TEK SALES, INC .....0.00....... (313) 227-0007 
MINNESOTA 

Mel Foster Tech. Sales, Inc. 0.0... eee (612) 941-9790 
MISSOURI 

ELOQRENZ SALES 4.4. cewca dace aes (314) 997-4558 
NEBRASKA 

LORENZ SALES ounce ec nwanennedueaus: (402) 475-4660 
NEW MEXICO 

THORSON DESERT STATEG...................00 (505) 883-4343 
NEW YORK 


East Syracuse — NYCOM, INC......000.... 
Hauppauge — COMPONENT 


(315) 437-8343 


CONSULTANTS, INC woe eee (516) 273-5050 
OHIO 

Centerville - DOLFUSS ROOT & CO............ (513) 433-6776 

Westlake — DOLFUSS ROOT & CO... (216) 899-9370 
PENNSYLVANIA 

RUSSELL F. CLARK CO.,INC. wwe (412) 242-9500 
PUERTO RICO 

COMP REP ASSOC, INC... eee ee eeeee (809) 746-6550 
UTAH 

FRONT RANGE MARKETING. ..............0000000- (801) 288-2500 
WASHINGTON 

ELECTRA TECHNICAL SALES ue. (206) 821-7442 
WISCONSIN 

Brookfield — INDUSTRIAL 

REPRESENTATIVES, INC .uu0.. cc ccccee sees seen eee (414) 574-9393 


Advanced Micro Devices reserves tho right to make changes in its product without notice in order to improve design or performance characteristics. The performance 
characteristics listed in this document aro guarantood by specific tests, guard banding, design and other practices common to the industry. For specific testing details, contact 
your local AMD sales representative. The company assumes no responsibility for the use of any circuits described herein. 
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